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NOTICE. 


The  Ordnance  Geological  Survey  forms  a  branch  from 
the  Trigonometrical  Survey  of  Great  Britain,  of  which 
Colonel  Colby,  Royal  Engineers,  LL.D.,  F.R.S.,  &c., 
is  Superintendent. 

During  the  progress  of  the  Ordnance  Geological  Survey 
in  Cornwall,  it  received  able  assistance  from  Mr.  Henry 
AfLauchlan,  F.G.S.,  and  Mr.  Henry  Still,  F.G.S.,  Ord- 
nance Surveyors.  Mr.  M^Lauchlan  laid  down  the  mineral 
veins,  ranges  of  elvan,  and  southern  granite  line  near  St. 
Austell,  the  mineral  veins  of  St.  Agnes,  and  many  of  those 
in  Gwennap,  Redruth,  and  Camborne.  Mr.  Still  laid 
down  the  mineral  veins  in  the  vicinity  of  Breague,  Binner 
Downs,  Clowance,  Gwinnear,  Marazion,  St.  Ives,  and  St. 
Just.  Independently  of  these  labours,  both  gentlemen,  as 
their  more  immediate  duties  would  permit,  from  time  to 
time  communicated  a  mass  of  important  geological  facts 
which  were  of  the  greatest  value  to  the  Survey. 

The  Maps,  to  which  frequent  reference  is  made  in  the 
following  Report,  are  those  executed  by  the  Ordnance 
Geological  Survey,  and  of  which  Plate  I.  is  an  Index. 
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recent  opinion  respecting  the  general  resemblance  of  the  fossil  plants  dis- 
covered in  the  coal-measures  and  the  grauwacke.  134.  Mr.  Volz's  account 
of  the  grauwacke  beds  containing  anthracite  at  Bitschwailer,  ib.  M.  Elie 
Beaumont's  description  of  the  grauwacke,  with  anthracite  and  vegetable 
impressions  in  the  valley  of  Thann,  Vosges,  ib.  Letter  of  M.  Elie  de 
Beaumont  respecting  the  grauwacke,  with  anthracite  and  fossil  plants,  of 
Brittany,  Normandy,  La  Vendue,  &c.,  135.  Opinion  of  M.  Adolphe 
Brongniart  that  the  plants  obtained  from  that  grauwacke  were  partly 
unknown,  and  partly  such  as  are  found  in  the  coal-measures,  136. 
Probable  injurious  effect  of  the  term  coal-measures,  as  representing  the 
ro<:ks  of  a  given  geological  epoch,  ib.    Nature  of  the  evidence  respecting 
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many  rocks  named  coal-measures  in  Europe,  137.  M.  Adolpbe  Brong- 
niart's  opinion  respecting  the  early  vegetation  of  the  earth,  to.  Proba- 
bility that  coal  or  anthracite  was  derivt^  from  vegetation  entombed  when 
conditions  were  favourable,  from  the  period  of  the  grauwacke  upwards,  138. 
Necessity  of  considering  the  conditions  under  which  organic  life  existed 
during  the  production  of  the  grauwacke,  ib.  Effect  of  carbonaceous  con- 
ditionji,  139.  Comparison  of  organic  remains  found  in  the  grauwacke  of 
North  and  South  Devon,  ib.  Different  conditions  under  which  the  grau- 
wacke of  the  north  and  south  of  that  county  may  have  been  produced,  140. 
Considerations  respecting  the  appearance  exhibited  at  the  junction  of  the 
carbonaceous  series  and  adjacent  rocks  on  tl)e  west  of  Dartmoor,  141. 
Effects  of  local  causes  upon  the  deposits,  142.  Drifted  matter  the  gene- 
ral character  of  the  carbonaceous  series  of  Devon,  1 43.  Vertical  stems  of 
sigillariflD  in  r4>al-measurea,  ib.  Remarks  on  the  carbonaceous  deposits  of 
Ugbrooke  Park,  Hestow,  Kingsteignton,  and  Ogwell,  1 44.  Observations 
on  the  grauwacke,  and  its  organic  contents,  of  Tor  Bay,  Newton  Bushell, 
Toines,  Yealmpton,  and  Plymouth,  146.  Resemblance  of  many  of  the 
included  limestones  to  coral  reefs,  147.  Such  resemblance  pointed  out 
by  Mr.  Stutchbury  for  other  places,  ib.  Mode  in  which  coral  is  con- 
verted into  compact  limestone,  ib.  Extensive  range  of  beds  composed  of 
the  same  species  of  shells  observed  by  Mr.  Stutchbury  in  the  coral  islands 
of  the  Pacific,  148.  Remarks  on  the  manner  in  which  the  coral  ree& 
existing  at  the  epoch  of  the  grauwacke  may  have  been  covered  by  mud 
or  sand,  and  included  in  the  general  series,  ib.  Creatures  having  dif- 
ferent habits  would  suit  them^lves  at  that  epoch  as  at  present,  149. 
Necessity  of  attention  to  the  different  conditions  under  which  contempora- 
neous deposits  may  always  have  been  accumulated,  ib.  Relative  few  data 
on  which  general  conclusions  have  been  drawn  respecting  the  exclusive 
fossils  to  he  found  in  the  grauwacke  and  carboniferous  series,  151.  Con- 
ditiona  which  might  obtain  for  the  existence  of  animal  and  vegetable  life 
at  the  grauwacke  epoch  upon  the  hypothesis  of  a  cooling  globe,  ib.  State 
of  a  cuoling  globe,  as  respects  conditions  for  the  existence  of  animal 
and  vegetable  life,  after  the  period  when  the  whole  surface  was  about  the 
temperature  of  the  present  tropics,  1 5^.  Remarks  on  grauwacke  con- 
glomerates of  G^rnwall,  153.  Remarks  on  the  organic  remains  contained 
in  the  grauwacke  of  the  district,  ib.  Little  resemblance  in  the  organic 
character  of  the  North  and  South  Devon  grauwacke,  154. 


CHAPTER  VI. 

Granite  and  Elvan. 

Maps  of  and  notices  respecting  the  granite  of  the  district,  156.  Range  of 
the  principal  masses  of  granite,  ib.  Mode  in  which  the  smaller  portions 
occur,  157.  Granite  of  Dartmoor,  t^.  The  sohorlaceous  ro<;ks  in  it,  ib. 
Mode  in  which  schorl  occurs  in  the  granite  near  Com  wood,  158.  Granite 
of  the  Brown  Willy  district,  159.  Granite  of  Hunsborough  or  St. 
Austell,  ib.  Sohorlaceous  veins  in  it,  and  decomposed  state  of  its  west- 
em  portion,  ib.  Schorl  rocks  skirting  it,  160.  Carn  Meiielez  granite, 
ff^.  Land's  End  granite,  ib.  Finite  in  it,  161.  Granite  of  the  Scilly 
Island^  ib.  Granite  of  Hingston  Down  and  Kit  Hill,  ib.  Granite  of 
Belovely  Beacon,  ib.  Granite  of  Cligga  Point,  162.  Granitic  rocks  of  St. 
Agnes  Beacon,  ib.  Granite  of  Trewarvas  Head,  Godolphin  Hill,  and 
Tregonning  Hill,  ib.  Granite  of  St  Michaers  Mount,  ib.  Curved  and 
horizontal  divisional  planes  of  the  granites,  163.  Alternations  of  hard  and 
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soft  granite  at  Clii^ga  Point,  164.  Division  of  tho  granite  of  the  district 
into  prismatic  and  cubical  blocks,  ib.  Force  throwing  up  the  granite 
acted  unequallv,  or  experienced  unequal  resistance  in  the  line  through 
which  it  partially  pierced  pre-existing  rocka,  165.  Effect  of  the  entrance 
of  the  granite  masses  upon  the  rocks  through  which  they  were  protruded, 
ib.  Probable  geological  date  of  the  Cornish  and  Devon  granite,  1 66.  The 
granite  has  forced  through  a  district  previously  exposed  to  igneous  action, 
and  which  may  have  offered  less  resistance  in  consequence  than 
others  adjacent,  167.  Granite  veins  of  Wicca  Pool,  Zennor,  168.  Other 
granite  veins  in  the  Land's  End  district,  ib.  Granite  veins  of  St.  Mi- 
chael's  Mount,  1 69.  Apparent  reason  why  the  usual  explanation  of  the 
granite  veins  of  St.  Michael's  Mount  has  been  considered  contradictory, 
1 70.  Divisional-plane  veins  of  St.  Michael's  Mount,  171.  Granite  veins 
in  granite,  ib.  Granite  veins  cutting  both  granite  and  adjoining  slates, 
172.  Granitic  veins  in  the  serpentine  and  hornblende  slate  of  the  Lizard, 
ib.  Granitic  and  porphyritic  dykes,  named  elvans,  173.  Length  and 
breadth  of  elvans,  1 74.  E Ivan  of  St.  Mary's,  Scilly,  ib,  Elvans  in  the 
Land's  End  district,  ib,  Elvans  near  Marazion  and  adjoining  country, 
175.  Elvans  in  Dolcoath  Mine,  176.  Elvans  of  Gwennap  and  adjacent 
country,  ib.  Mineral  character  of  these  elvans,  ib,  Elvan  near  St. 
Agnes,  177.  Elvans  near  Cligga  Point,  Cubert,  &c.,  178.  Great  north 
and  south  elvan  cutting  through  fossiliferous  beds  at  Watergate  Bay,  179. 
Different  direction  of  other  elvans  on  the  east  and  west  of  this  elvan.  ib. 
Elvans  on  the  north  of  the  Hensborough  granite,  180.  Granitic  lines 
near  Blisland  and  Helland,  ib^  Granite  dykes  near  St.  Neot's  and  Card- 
inham,  181.  Elvans  near  Camel  ford  and  St.  Teath.,  and  range  of  one 
from  near  the  latter  place  towards  Lower  Penmaen,  ib,  Elvans  near  St. 
Austell,  ib,  Greneral  mineralogical  character  of  these  elvans,  1 82.  Pen- 
tuan  elvan,  t6.  Fragmentsof  adjoining  rock  contained  in  it,  t6  Elvans  of 
Spamick  Moor,  St.  Austell,  183.  Branching  character  of  two  elvans  near 
St.  Austell,  ib,  Elvans  of  Linkinghorne  and  North  Hill,  ib.  Elvans  of 
Morwell  Downs,  ib,  Elvan,  named  Roborough  Stone,  184.  Other 
elvans  on  the  south  of  it,  ib.  Occurrence  of  elvans,  to  a  certain  extent, 
in  groups,  185.  Probability  that  some  localities  offered  greater  resist- 
ance to  the  production  of  the  fractures  in  which  they  occur  than  others, 
ib.  Granite  of  Lundy  Island,  blocks  of  elvan  near  Morte,  and  granitic 
rock  of  Hestercombe,  near  Taunton,  186.  Remarks  on  the  effects  pro- 
duced on  stratified  rocks  by  the  adjustment  of  the  external  crust  to  the 
more  internal  portions  of  a  cooling  globe,  187.  If  the  contorted  and 
tilted  beds  of  many  mountain-chains  and  more  level  districts  were  flat- 
tened out,  they  would  require  more  space  than  could  now  be  obtained  for 
them  without  encroaching  on  other  areas,  ib.  Chemical  composition  of 
common  Cornish  and  Devon  granites,  188.  Chemical  composition  of 
schorl  rock,  189.  The  amount  of  boracic  acid  in  the  schorlaceous  gra- 
nites. 190.  Modification  of  some  granites  near  the  divisional  planes,  and 
apparent  decomposition  and  recomposition  of  schorl,  ib.  Character  of  the 
St.  Michaers  Mount  granite  near  the  perpendicular  points  or  divisional 
planes.  Arrangement  of  the  constituent  parts  of  granite  accordin;^  to 
conditions,  191.  Experiments  on  the  relative  fusibility  of  granite  and 
trappean  rocks,  ib. 

CHAPTER  VII. 

Bed  Sandstone  Series. 

Note  respecting  the  small  portion  of  carboniferous  limestone  in  the  district, 
1 93^    General  character  of  the  red  sandstone  series,  ib.    Bed ^  on  the 
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northern  part  of  diiitrict,  at  Worle  Hill  and  Bleadon,  ib,  Beds  between 
Bridgewater  and  the  Quantocka,  194.  Between  Lydyeard,  St.  Lawrence, 
and  WiUilon.  195.  Gypsiferous  and  other  beds  near  Watchet,  196. 
SeetioD  from  WWeliscomDe  to  Stoke  St.  Mary,  197.  Calcareo-magnesian 
oongkmierate  near  WiTeliseombe  and  other  places,  198.  Association  of 
trappean  rocks  with  the  series  near  Taunton,  199.  Similar  associations 
at  Kellerton  Park,  Thorverton,  and  other  places,  200.  Gulf  of  the  red 
limestone  series,  extendins  to  Jacobs  tow  from  Bradnincb,  201.  Beds 
beneath  the  green  sand  of  the  Black  Downs,  202.  Trappean  rocks  of 
Rougemont  Castle,  Exeter,  and  of  Pocombe,  203.  Trappean  rocks  asso- 
ciated with  the  series  of  Ide  and  Dunchideock,  ib,  Beds,  containing  fVag- 
roents  of  quartziferous  porphyry,  at  Teigumouth  and  adjacent  localities, 
204.  Section  at  Petit  Tor,  in  Babbacombe  Bay,  205.  Evidence  of  force 
there  exhibited,  206.  Beds  at  Tor  Bay  and  in  adjacent  country,  207. 
Section  exhibited  between  Babbacombe  Bay  and  Culverhole  Point,  20S. 
Calcareous  character  of  some  of  the  conglomerate  near  Dawlish,  ib. 
Inland  section,  from  Exeter  to  the  Black  Downs,  209.  Outlying  portions 
of  the  series  at  Peppercombe,  in  Bideford  Bay  ;  at  Slapton,  in  Start  Bay ; 
and  near  Thurleston,  in  Bigbury  Bay,  210.  Porphyritic  rocks,  breaking 
through  adjacent  beds,  near  Cawsand,  Plymouth  Sound,  21 1.  General 
Tiews  respecting  the  red  sandstone  series  of  Devon  and  West  Somerset, 
212.  Chief  difference  of  the  mass  exhibited  towards  its  base,  215.  Igne- 
ous rocks  in  this  series  prolonged  in  the  line  of  the  granites,  216.  Obser- 
Tations  respecting  the  porphyritic  rocks  associated  with  the  series,  217. 
General  absence  of  organic  remains  in  the  beds,  219.  Inferences  re- 
specting, 220. 

CHAPTER  VIII. 

Lias  and  Inferior  Oolite.     Cretaceous  Series,    Supracretaceoua  Rocks. 

Lias,  as  it  oecnrs  near  Lyme  Regis,  222.  Organic  remains  in  the  lias  of 
that  locality,  223.  Remarks  on  the  formation  of  the  lias,  227.  Observa- 
tions on  the  mode  in  which  the  organic  remains  occur  in  the  lias,  228. 
Inferences  therefrom.  229.  Range  of  the  lias  from  the  south  to  the  Vale 
of  Taunton,  231.  Lias  near  Bridgewater  and  thence  towards  Watchet, 
t^.  Observations  respecting  the  land  from  which  certain  plants  and  a 
pterodaetyle  may  have  been  derived,  the  remains  of  which  are  entombed 
in  the  lias,  232. '  Remarks  on  the  probable  mode  in  which  the  oolitic 
series  was  deposited,  233.  Inferior  oolite,  as  it  occurs  near  Ilminster  and 
Axminster,  234.  Chalk  and  green  sand,  235.  On  the  once  extended 
area  of  in  the  district,  ib.  Section  of  the  chalk  and  green  sand  as  exhibited 
near  Lyme  Regis,  237.  Organic  remains  in,  ib.  Section  of  chalk  and 
green  sand  near  Beer,  239.  Chalk  and  green  sand  of  the  Black  Down 
Hills,  &c,  241.  Dr.  Fitton's  list  of  the  fossils  in  the  green  sand  of  the 
Whetstone  quarries.  Black  Down,  with  a  few  additional  localities  for  the 
foasiU  enumerated,  243.  Green  sand  of  the  Haldons,  247.  Green  sand 
of  Milber  Down  and  other  places  around  the  Bovey  Heathfield  deposit, 
248.  Mr.  Austen's  list  of  fossils  found  therein,  ib.  Green  sand  of  Orleigh 
Court,  near  Bideford,  249.  General  view  of  the  chalk  and  green  sand  of 
the  district,  ib.  Remarks  upon  the  evidence  afforded  by  the  organic 
rvmains  in  the  green  sand  of  the  Black  Downs,  251.  Observations  on 
the  relative  date  of  the  green  sands  of  the  district,  253.  Supracrotaceous 
or  tertiary  deposits,  255.  Traces  of  the  plastic-clay  series,  covering  the 
rhalk  and  green  sand  of  the  district,  ib.  Bovey  Heathfield  deposit,  256. 
Sands  and  clays  of  St.  Agnes  Beacon,  258. 


Digitized  by  VjOOQIC 


XII       .  CONTENTS. 

CHAPTER  IX. 

Alteration  in  the  Mineral  Character  of  Rocks. — Divmonal  Planes. 

Changes  which  have  taken  place  in  rocks  since  their  original  production. 
261.  Cement  of  sandstones,  262.  Evidence  of  silica  in  solution  having 
moved  among  the  green  sands  of  Lyme  Regis,  ib.  Consolidation  of  mud 
and  clay  into  slates,  263.  Aggregation  of  similar  matter  illustrated  by 
nodules  in  lias,  ib.  Formations  of  flint  in  chalk,  264.  Chemical  compo- 
sition of  organic  remains  illustrative  of  changes  in  rocks  since  their 
deposit,  265.  Alterations  produced  in  detrital  rocks  hy  contact  wiA 
heated  igneous  rocks  intruded  among  them,  ib.  Changes  of  the  mineral 
structure  of  rocks  in  furnaces,  266.  Minerals  accidentally  produced  in 
furnaces,  ib.  Changes  of  detrital  rocks  in  the  district,  caused  by  contact 
with  igneous  rocks  anterior  to  the  intrusion  of  granite,  267.  Alteration 
of  rocks  produced  by  granite  in  a  heated  state,  instances  of  round  Dart- 
moor, ib.  Examples  of  the  same  kind  in  Cornwall,  268.  Modifications 
effected  in  contact  with  schorlaceous  granite,  269.  Difficulty  of  determin- 
ing how  much  new  matter  may  have  been  introduced  among  the  detrital 
rocks  under  these  circumstances,  ib.  Divisional  planes,  270.  Dates  of 
observations  on  the  divisional  planes  of  the  district,  271.  Divisional 
planes  of  the  Land's  End  granite,  272.  Greneral  directions  of  these  planes 
in  the  granite  of  Cornwall  and  Devon,  ib.  Divisional  planes  of  the 
Lizard  serpentine,  and  hornblende  rock,  273.  Of  the  grauwacke  and 
carbonaceous  series  of  the  district,  ib.  Of  the  red  sandstone  series  and 
lias,  274.  General  divisional  planes  of  the  district,  ib.  Lamination 
planes,  275.  Of  North  Devon  and  West  Somerset,  ib.  Interruption  of 
the  course  of  these  planes  where  they  traverse  the  separation  of  beds,  276. 
Instance  of  inteiTuption  produced  by  thin  seams  of  limestone,  277. 
Schistose  structure  of  slates  due  to  planes  of  lamination  and  of  deposit, 
278.  Schistose  vein  of  igneous  matter  traversing  a  schistose  rock,  27U. 
Laminated  igneous  rocks,  ib.  Relative  date  of  divisional  and  lamina- 
tion planes,  280.  Crystalliform  division  of  rocks,  ib.  Observations  on 
the  causes  of  divisional  and  lamination  planes,  281. 


CHAPTER  X. 

Mineral  Veins  and  FaiUts. 

Rocks  on  which  the  metalliferous  veins  are  fi)und.  283.  Mineral  veins  in 
the  district  arranged  somewhat  in  groups,  ib.  Tavistock  district,  ib.  St. 
Austell  district,  2S4.  District  of  Gwennap,  Redruth,  and  Camborne,  ib. 
Of  Breague,  Marazion,  and  Gwinear,  ib.  Of  St.  Just.  ib.  Localities  of 
lead,  ib.  Lodes  on  the  N.  E.,  and  S.  of  Darimoor,285.  Manganese  lode 
of  Upton  Pvne,  &c.,  ib.  Metalliferous  veins  of  North  Devon  and  West 
Somerset,  ib.  Connexion  of  granite  and  elvan  with  the  large  tin  and 
copper  mines,  286.  Geological  occurrence  of  the  lead-ores,  ib.  Of  the 
antimony  and  manganese  ores.  ib.  Of  the  zinc-ores,  287.  Of  the  iron- 
ores,  ib.  Of  cobalt  and  nickel,  288.  Of  silver,  ib.  Of  gold.  289.  Direc- 
tions of  the  lines  of  fraclui-e,  either  kno»vii  as  faults,  lodes,  or  cros^s-courses, 
ib.  Direction  of  the  faults  on  the  north-east  of  Bridgewater,  ib.  Of  the 
Black  Down  Hills  and  their  geological  continuation  to  the  south,  290.  Of 
the  country  near  Watchet  and  Bridgewater,  291,  Of  the  country  near 
Taunton  and  Wivelibcorabe,  292.  Of  North  Devon,  293.  Remarks  on  a  fault 
at  Comborough,  near  Bideford,  ib.    Great  fault  of  the  valley  of  the  Exc, 
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294.  Faults  in  South  Devon,  ib.  Evidence  necessary  to  prove  the  heave 
of  a  lode,  296.  Heave  produced  by  the  great  cross-course  traversing  ihe 
North  Downs,  near  Redruth,  297.  Illustration  of  the  effects  which  may 
be  prodaced  in  the  relative  position  of  broken  portions  of  the  same  lodes 
by  a  vertical  heave,  298.  Equivocal  appearances  which  may  be  presented 
when  a  lode  breaks  through  an  elvan,  299.  Direction  of  tlie  lodes,  or  mi- 
neral veins,  and  cross -courses  in  the  vicinity  of  Tavistock  and  Callington, 
301.  Of  the  lodes  of  Dartmoor,  and  on  its  outskirts  on  N.,  E.,  and  S.,  302. 
Direction  of  lodes  and  cross-courses  in  the  St.  Austell  district,  ib.  Remark- 
able character  of  the  Polgooth  lodes,  as  regards  directions,  304.  Direction 
of  the  lodes  and  cross-courses  of  St.  Agnes,  Gwennap,  Redruth,  and  Cam- 
borne, 305.  Between  the  latter  and  tne  Land's  End  district,  306.  In  the 
vicinity  of  Breague  and  Marazion,  307.  Of  St.  Just,  308.  General  view 
of  the  directions  of  the  lodes  and  cross-courses  of  the  district,  309.  Near 
approach  of  the  direction  of  many  to  that  of  neighbouring  elvans,  ib.  Ob- 
servations on  the  relative  dates  of  the  various  fissures,  310. 


CHAPTER  XI. 

Mineral  Vpins  and  Faults,  continued. 

Minor  characters  of  the  faults  and  lodes,  as  regards  fracture,  315.  Strings 
and  branches,  316.  Examples  of  fractured  rocks  cemented  by  oxide  of 
of  tin  at  St.  Ag:ne8,t6.  Observations  on  the  manner  in  which  the  inequal- 
ities of  lodes  may  be  produced  by  movements  of  the  sides  of  the  fissures, 
317.  Gteneral  coinciaence  between  the  chief  mineral  character  of  the 
contents  of  foults  and  lodes,  and'of  the  adjacent  rocks,  31 8.  Contents  of 
veins  in  the  carboniferous  limestone,  319.  Contents  of  the  faults  in  the 
lias  and  red  sandstone  series,  320.  Contents  of  the  faults  in  the  limestones 
of  South  Devon,  ib.  Chief  quartzose  charaeter  of  the  contents  of  a  lai^e 
part  of  the  faults  and  mineral  veins  in  a  large  proportion  of  the  district, 
321 .  Probable  deposit  from  aqueous  solutions  of  the  non-metallic  contents 
in  the  fissures,  ib.  Mechanical  contents  of  the  lodes  of  Cornwall  and 
Devon,  322.  Large  caverns  found  in  the  lodes  at  Consols  Mine  and  Dol- 
coath,  32-1 .  Mechanical  contents  of  lodes  most  common  when  the  underlie 
or  dip  of  the  latter  is  most  removed  from  the  vertical,  ib.  Mode  in  which 
the  metalliferons  part  occurs  in  lodes,  325.  Gossan  often  on  the  back  or 
upper  part  of  copper- lodes,  326.  Stanniferous  character  of  some  gossans, 
ib.  Mode  in  which  tin-ore  occurs  in  lodes,  327.  Character  of  lodes  be- 
tween the  bunches  of  ore,  ib.  Geological  conditions  connected  with  bunches 
of  ore,  ib.  Old  doctrine  respecting  the  area  in  which  copper-ore  could  be 
profitably  found,  328.  Old  doctrine  respecting  the  profitable  occurrence 
of  copper-ores  in  granite,  329.  Connexion  of  bunches  of  ore  with  elvans, 
ib.  Manner  in  which  lodes  may  pass  through  elvans,  and  the  character 
of  the  former  in  consequence,  331.  Usual  effects  of  the  meeting  of  two 
lodes  at  a  moderate  angle,  333.  Connexion  of  the  mineral  structure  of 
the  rocks  traversed  with  the  metaUiferous  and  other  non-mechanical  con- 
tents of  lodes,  335.  Examples  in  Cornwall,  337.  On  the  continent  of 
Europe,  ib.  In  Derbyshire,  338.  Evidence  of  the  increase  in  breadth, 
since  they  were  first  formed,  of  many  fissures  containing  lodes  in  Corn- 
wall and  Devon,  339.  Examples,  ib.  Mode  in  which  the  walls  of  many 
lodes  would  support  each  other  if  the  contents  of  the  lode  were  withdrawn, 
343.  Manner  in  which  the  hanging- wall  of  a  lode  may  slide  at  successive 
lieriods,  so  that  it  should  be  always  supported  when  intervals  were  produced 
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at  each  slide,  344.  Observations  on  the  conscqcnces,  as  regards  their 
contents,  of  the  successive  dislocations  of  lodes,  345.  Occurrence  of  ureH 
adjoining  the  walls  of,  and  between  the  divisional  planes  of  rocks,  346.  At 
Carclaze  Mine,  ib.     At  St.  Michael's  Mount,  347. 


CHAPTER  XII. 

Theoretical  Observaiions  on  the  FormaUon  and  Filling  of  Mineral 
Veins,  and  Common  Faults. 

The  variety  of  theories  on  this  subject,  349.  The  comparatively  little  at- 
tention lately  paid  to  it  by  geologists,  t6.  The  chief  theories  of  the  day,  350. 
Reasons  for  not  considering  the  mineral  veins  of  Cornwall  and  Devon 
contemporaneous  with  the  rocks  in  which  they  occur,  ib.  Remarks  on  the 
intersection  of  strings  of  ore,  351.  General  opinion  of  Cornish  miners 
respecting  the  origin  of  the  lodes.  352.  Apparently  of  recent  date,  ib. 
Von  Oppel's  views  of  the  mode  in  which  mineral  veins  were  produced,  ib. 
Pryce*s  statement  that  the  rocks  of  Cornwall  had  been  dislocated  at  dif- 
ferent times,  353.  His  remarks  on  the  relative  dates  of  the  lodes  and 
cross-courses,  ib.  Pryce's  and  Werner's  statements  of  the  relative  age  of 
veins,  according  to  their  directions,  in  different  mineral  districts,  354.  Mr. 
Carne's  classification  of  the  lodes  of  Cornwall  according  to  relatives  dates, 
355.  Views  of  Mr.  Hopkins  respecting  the  mode  in  which  fissures  of 
different  dates,  produced  by  tension,  caused  by  a  force  acting  from  be- 
neath, would  occur  relatively  to  each  other,  356.  Mode  in  which  the 
rocks  of  the  district  are  split  up  by  divisional  lamination  and  bedding 
planes,  and  therefore  very  unequal  resistance  would  be  offered  to  any 
force  acting  upon  them  from  beneath,  359.  Examination  whether  any 
elevatory  force  has  acted  in  the  district,  360.  Remarks  on  the  origin  of 
the  fissures  containing  the  elvans,  361.  On  that  of  those  containing  the 
lodes,  363.  Care  required  in  obtaining  the  true  direction  of  oontra-k>des, 
when  these  are  mentioned,  365.  Difficulty  of  correctly  ascertaining  whether 
the  true  east  and  west  lodes  always  traverse  those  running  in  the  present 
magnetic  east  and  west,  ib.  Resisting  character  of  fissures  whion  have 
been  filled  up  by  mineral  matter,  sometimes  joined  firmly  to  their  sides, 
366.  Lines  of  fracture  following  each  other  in  nearly  similar  directions, 
ib.  The  meeting  of  the  lodes  and  great  cross-courses,  as  regards  the 
different  dates  of  their  production,  the  marked  feature  in  the  direc- 
tion of  the  fissures  of  the  district,  367.  Observations  on  the  compli- 
cated directions  which  maybe  produced  by  modifying  causes,  ib.  Pryce's 
views  respecting  the  filling  of  fissures  by  chemical  means,  including 
the  instabihty  of  parts  of  lodes  according  to  conditions  in  them  at 
different  times,  369.  Points  out  the  difference  between  the  back  of  lodes 
and  their  contents  beneath,  ib,  Werner  points  out  the  successive  deposit 
of  parts  of  lodes,  370.  Was  probably  aware  of  the  evidence  as  to  the  suc- 
cessive openings  effected  in  some  mineral  veins,  ib.  M.  Foumets  account 
of  the  successive  opening  of  the  lodes  at  Pontgibaud,  and  the  deposits 
effected  during  the  mtervals,  371.  Apparent  oases  in  which  certain  sub- 
stances avoided  each  other  during  the  filling  of  a  lode,  372.  If  fissures 
were  now  produced  in  the  district  they  would  traverse  very  different  rocks, 
and  be  differently  heated  according  to  their  depth,  ib.  Increase  of  heat 
according  to  depth  observed  in  the  mines  of  Cornwall,  373.  Less  heat  in 
granite  than  in  slates,  at  eqnal  depths,  ib.  Effects  that  would  be  pro- 
duced in  fissures  according  to  their  temperature  at  different  depths,  the 
substances  in  (solution  in  any  liquid  in  them,  and  the  vapours  which  might 


Digitized  by  VjOOQIC 


CONTENTS.  XV 

rise  from  beneath,  375.  Different  character  of  fissures  opened  beneath 
the  alDiosphere  and  the  sea,  376.  Effects  that  might  be  produced  ac- 
cording to  these  conditions.  377.  A  large  part  of  the  fissures  in  Corn- 
wall and  Devon,  containing  lodes,  may  have  been  wholly,  or  in  part,  open  to 
the  entrance  of  the  sea- water,  378.  Mr.  Fox's  experiments  on  the  power  of 
granite  and  slate  to  conduct  electricity  after  having  been  boiled  in  saline 
water,  ib.  Becquerel's  experiments  on  the  secondary  actions  produced  by 
feeble  currents  of  electricity  ,379.  His  artificial  formation  of  many  metall  ic 
minerals,  such  as  occur  in  nature,  by  these  means,  ib.  His  account  of  the 
cause  of  the  actions  above  noticed,  380.  Mr.  Fox*s  experiment  to  illus- 
trate the  formation  of  the  contents  of  mineral  veins  by  electro-chemical 
action,  381.  BecquereFs  view  of  the  manner  in  which  electric  currents 
occur  at  m  certain  depth  in  the  earth,  note,  383.  Mr.  Fox's  views  respect- 
ing the  deposits  of  mineral  substances  in  fissures,  according  to  the  direction 
of  the  latter  with  regard  to  magnetic  meridians,  384.  His  account  of  the 
manner  in  which  the  various  substances,  either  solid  or  in  solution,  in  the 
lode,  would  adjust  themselves  with  respect  to  their  electrical  properties,  t6. 
His  Tiews  of  the  influence  of  modifications  in  the  mineral  structure 
of  adjaeent  rocks  on  the  contents  of  lodes,  ib.  Marked  efiect  of  granite 
and  elvans  upon  the  lodes  of  the  district,  probably  due  to  some  cause  act- 
ing on  &e  great  scale,  385.  M.  Necker's  views  on  the  influence  produced 
by  the  proximity  of  igneous  rocks  on  the  contents  of  mineral  veins,  ib. 
Frequent  occurrence  of  rocks  resembling  Cornish  elvans  in  mineral  coun- 
tries, ib.  Effect  of  elvan  dykes  at  Joachimsthal,  in  the  Ensgebirge,  386. 
The  kind  of  granite  preferred  by  the  Cornish  miners  near  a  lode,  ib. 
Fnf.  Farehhammer's  deeomposition  of  felspar  in  heated  water  under 
preeaore,  387.  Effects  which  we  may  thence  infer  in  deep  fissures,  ib. 
Effects  oi  substances  in  solution  in  deep  fissures,  opened  beneath  the  sea, 
upon  adjacent  rocks,  and  their  reaction,  388.  Deposits  produced  in 
heated  fissures  from  water  oozing  out  of  their  sides  charged  with  mineral 
matter,  389.  Final  condition  of  fissures  as  channels  for  the  discharge  of 
water,  t^.  Considerable  amount  of  matter  now  brought  by  mineral  springs 
to  the  surface,  note,  ib.  Illustration  of  changes  which  may  be  now  in 
progress  in  mineral  veins,  note,  id.  Prendomorphus  crystals  evidence 
of  the  changes  which  have  taken  place  in  the  contents  of  lodes,  390.  In- 
stance mentioned  by  Hecquerel  of  part  of  a  steel  plate  replaced  by  silver,  at 
the  mint,  Paris,  under  pivticular  conditions,  ib.  The  changes  which  must 
have  taken  place  in  part  of  the  lode  at  the  Virtuous  Lady  Mine,  near 
Tavistock,  391.  Changes  would  be  produced  in  lodes  not  only  by  reactions 
of  various  substances  upon  each  other,  but  also  by  new  conditions  caused 
by  fre»h  fractures,  ib.  General  observations  on  the  filling  of  the  fissures, 
whether  known  as  common  faults,  lodes,  or  cross- courses,  in  the  district, 
392. 


CHAPTER  XIII. 

Stream  Tin  and  older  Superficial  Detritus.    Submarine  Forests.    Raised 
Beaches  and  Estuaries. 

Stream-tin  and  older  superficial  detritus.  39^5.  Gravels  on  high  grounds,  ib. 
Of  the  Black  Downs  and  Haldon,  ib.  Of  Straightway  Hill,  396.  Of 
Croosa  Downs,  St.  Keveme,  ib.  Relative  age  of  the  valleys  in  the  dis- 
trict, 397.  Mode  of  occurrence  of  stream-tin,  ib.  Supposed  origin  of  the 
stanniferous  gravels,  398.  Relative  specific  gravities  of  the  substances 
composing  the  staniiiferous  gravels,  399.     Drift  from  the  north,  ib.    Dif- 
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iicuUy  of  obtaining  sections  of  unmoved  tin-^^und  at  present,  401 .  Stanni- 
ferous gravels  worked  beneath  the  level  of  the  sea,  ib.  Section  of  Hapj  y 
Union  stream-work,  Pentuan,  ib.  Section  near  Par,  403.  Section  of 
the  Carnon  stream-works,  404.  Remarkable  facts obsened  in  connexion 
with  the  stanniferous  gravels  at  Treloy,  near  Lower  St.  Columb  Perth, 
405.  Tin- ground  of  Tregoss  and  adjacent  moors,  f^.  Observations  on 
stanniferous  firavels,  and  on  the  human  skulls  found  in  detritus  above 
them,  406.  Difficulty  of  finding  evidence  touching  the  prior  existence  of 
man  in  the  usual  detritus  at  the  mouths  of  rivers,  407.  Remarks  on  the 
(Travels  of  the  Black  Downs,  Lyme  Regis,  and  Sidmouth,  408.  Gravels 
on  the  N.  and  N.E.  of  the  Black  Downs,  409.  Gravels  at  Orleigh  Court, 
near  Bideford,  410.  Section  of  gravels  and  subjacent  rock  near  Chud- 
leish,  t^.  Evidences  of  river-courses  having  been  more  raised  than  at 
present,  411.  Ossiferous  fissures  and  caverns,  412.  Oreston  ossiferous 
fissures,  413.  Kent's  Hole,  t6.  Yealm  Bridge  Cavern,  414.  Remarks 
on  the  date  of  the  destruction  of  the  elephants.  Sec.,  which  once  existed  in 
the  district,  416.  Submarine  forests,  ib.  Of  the  Char,  Tor  Bay,  Millen- 
dreth  Bay,  Mainporth,  Porthleven.  and  Mount's  Bay,  417.  Of  places  on 
the  coast  between  Hayle  and  Braunton  Burrows,  near  Barnstaple,  418. 
Of  Porlock,  419.  Of  the  Bridgewater  levels,  1*6.  General  obser\'ations 
on  the  submarine  forests,  420.  On  the  facts  connected  with  that  of  the 
Bridgewater  levels,  421.  Raised  beaches  and  estuaries,  423.  Dates  of 
the  notice  of  several  raised  beaches  in  the  district,  ib.  Raised  estuaries 
between  Tor  Bay  and  Charmouth,  424.  Raised  beaches  in  the  estuaries 
of  the  Taw  and  Torridge,  425.  Raised  beaches  and  sandy  dunes  of  St. 
Ives  Bay  and  Perran  Bay,  426.  Of  Fistral  Bay  and  ISew  Quay,  ib. 
Names  of  the  raised  beaches  which,  out  of  the  numbers  that  are  found, 
appear  most  worthy  of  attention,  428.  General  composition  of  raised 
beaches,  ib.  Diagonal  lamination  observed  in  that  near  Braunton  Bur- 
rows, 429.  Chalk-flints  in  some  raised  beaches  of  the  Lizard  and  else- 
where, ib.  Instances  of  raised  beaches  more  or  less  consolidated  by  iron 
ore,  430.  Cohesion  of  consolidated  raised  beaches,  431.  Head  of  frag- 
ments from  adjoining  hills  common  above  raised  beaches,  ib.  General 
observations  on  the  raised  beaches  and  submarine  forests,  432. 


CHAPTER  XIV. 

Action  of  the  Sea  on  the  Coast,  and  Effects  of  Atmospheric  Influences. 

Extentofcoast  exposed,  435.  Small  effect  of  streams  of  tide  upon  it,  ib. 
Difficult  to  estimate  the  lapse  of  time  during  which  this  coast  has  taken 
its  present  form,  ib.  Course  and  effects  of  the  tides  round  various  chief 
headlands,  436.  Round  the  minor  headlands,  437.  Form  of  coast  de- 
pendent on  the  hardness  of  rocks  and  the  breakers  acting  upon  them,  ib. 
jSffect  of  the  break  of  the  heavy  Atlantic  swell,  438.  Size  of  breakers 
depend,  other  things  being  equal,  upon  the  amount  of  open  sea  whence 
the  waves  roll  to  the  coast,  439.  Instances  of  the  wear  of  coast,  according 
to  the  rocks  comprising  it,  when  exposed  to  the  same  force  of  breakers,  ib. 
Loss  of  land  betweeenTeignmouth  and  Lyme  Regis,  440.  Loss  of  land 
in  the  vicinity  of  Watchet,  441.  Instances  of  the  unequal  abrasion  of 
coast  according  to  the  relative  position  of  the  beds  composing  it,  ib. 
Minor  effet^ts  of  breakers  on  the  coast,  ib.  Instance,  at  Polventon  Cove, 
of  a  natural  harbour  produced  by  the  unequal  destruction  of  the  coast, 
442.  Comparative  defence  of  parts  of  the  coast  by  blocks  of  hard  rock 
fallen  on  the  shore,  ib.     Protection  of  low  lands  by  beaches  thrown  up 
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by  the  sea  in  front  of  them,  443.    Blown  sands  of  Braunton  Burrows  and 
otherplaces  on  the  coast,  444.    Encroachments  by  the  sands,  445.    Drift 
cut  off  by  small  streams  of  running  water,  ib.  Component  parts  of  beaches 
travel  along-shore  in  the  direction  of  the  prevalent  breakers,  446.    Looe 
Poo],  Slapton  Pool,  and  Swan  Pool,  produced  by  the  drift  of  loaches 
across  Talleys,  447.    Examples  at  Teignmouth  and  Exmouth  of  tongues 
of  bea^h  produced  in  opposite  directions,  not  far  distant  from  each  other, 
aooording  to  the  relative  amount  of  prevalent  breakers  to  which  ti^ey 
are  exposed,  ib.  Conditions  of  the  embouchures  of  the  Axe,  Taw  and  Tor- 
ridge,  448.  Effecte  of  atmospheric  influences,  449.  Tors  and  Cams  of  Devon 
and  Cornwall,  ib.    Observations  respecting  the  supposed  concretionary 
arrangement  in  granite,  t6.  Gianfs  Punch  Bowl,  in  St  Agnes,  Scilly,451. 
Unequal  decomposition  of  granite,  named  Kettle  and  Pans,  St.  Mary's, 
Scilly,  452.  In  other  places,  ib.  Unequal  decomposition  of  elvans,  453.   Of 
trappean  rocks,  ib.    Of  the  grauwacke  and  carbonaceous  series,  455.    Of 
the  red  sandstone  series,  lias,  &c.,  ib.     Part  of  the  decomposition  of 
rocks  carried  off  in  solution,  456.    Movement  of  the  insoluble  detritus  by 
vater  towards  the  coast,  ib.    Effects  of  grass,  woods,  ditches,  and  other 
drainage  arrangements,  upon   this  movement,  457.    llie  short    rapid 
fttreams  transport  gravels  to  the  coast,  ib.    Transport  of  gravel  arrested 
at  varioos  diiitanoes  high  up  the  large  rivers.  458.    Effects  of  the  tides 
upon  transport  of  detritus  in  estuarv  rivers,  ib.    Delivery  of  die  detritus 
into  the  sea,  459.    Distribution  of  the  detritus  carried  into  the  sea,  460. 

CHAPTER  XV. 

Economic  Geology* 

Obsenrationa  on  the  connexion  of  the  geological  structure  of  a  country  and 
the  occupations  of  a  civilised  people  upon  it,  461.  Swansea  instanced 
as  a  good  example  of  the  combined  advantages  of  geological  and  geogra- 
phical position,  ib.  Geological  advantages  of  Merthyr  Tydfll,  Glamorgan- 
shire, 462.  Contrast  of  the  condition  of  the  people  in  parts  of  the  dis- 
tiict,  in  a  great  measure  arising  from  iis  varied  geological  structure,  ib. 

Agrindture. — Connexion  between  subjacent  rocks  and  the  relative  fertility 
of  parts  of  the  district,  463.  Equal  conditions  requisite  in  examining  that 
connexion,  464.  Climate  of  the  south  coast  of  Devon  and  Cornwall,  ib, 
Valn^  of  shelter  from  powerful  and  prevalent  winds,  466.  Agricultural 
character  of  the  soil  upon  the  gravels  covering  the  chalk  and  green  sand, 
467.  Upon  the  lias,  468.  Upon  the  red  sandstone  series,  ib.  Upon  the 
carbonaceous  series,  470.  Upon  the  varied  rocks  comprising  the  grau- 
wacke aeries,  i^.  Value  of  the  soil  upon  the  trappean  rocks,  471.  High 
value  of  land  near  Penzance,  473.  Frequent  barren  character,  as  regards 
soil,  of  the  mining  districts,  ib.  Soil  upon  the  serpentine,  473.  Great 
value  of  that  upon  the  sienite  and  diallage  rock  of  the  Lizard,  ib.  Of 
that  upon  the  hornblende  slate  and  rock  of  the  same  minor  district,  474. 
Character  of  the  soil  upon  the  granitic  rocks,  ib.  Supposed  value  of  soil 
upon  the  junction  of  granite  with  other  rocks,  476.  Soils  upon  the  alluvial 
land,  aod  the  causes  from  which  they  differ,  477.  Sea-sand  extensively 
emplmred  for  manure,  478.  Antiquity  of  the  practice  (see  also  Appendix), 
ib.  Quantity  annually  thus  employed,  and  its  cost,  t^.  Average  amount 
f£  calcareous  matter  in  this  sand,  480. 

R*HMi  MaUriaU. — Observations  on  the  qualities  required  for  these  materials, 
481.  The  materials  derived  from  the  gravel  resting  upon  the  chalk  and 
gieen  sand,  ib.  From  that  scattered  over  the  lias  and  red  sandstone 
series  of  parts  of  the  district,  ib.    Supply  derived  from  the  conglomerates 
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and  trappean  rocks  of  red  sandstone  series,  482.  Materials  obtained  from 
the  carbonaceous  series,  and  character  of  the  roads  upon  it,  tb.  From 
sandstones,  &c.,  of  the  grauwacke  series,  ib.  From  the  limestones  in  that 
series,  483.  Great  value  of  the  materials  obtained  from  the  hard  trappean 
rocks  associated  with  it,  ib.  Value  of  those  from  elvans,  when  well  se- 
lected, 484.  Character  of  roads  constructed  with  (juartz,  ib.  Use  of  the 
quart zo-schorlaceous  veins  in  the  granite  districts,  tb.  Value  of  the  dial- 
lage  rock  of  the  Lizard  for  roads  and  paving-stones,  485. 

Bvildins  Stones. — Relative  facility  with  which  good  materials  may  be  ob- 
tained shown  by  the  towns  and  villages  in  a  district,  485.  Mischievous 
practice  of  selecting  stones  merely  because  they  work  freely,  ib.  Little 
attention  commonly  paid  to  the  durability  of  materials,  ib.  No  excuse 
for  the  engineers  and  architects  of  the  present  time  not  making  them- 
selves acquainted  with  the  chemical  and  mineralogical  characters  of  the 
stones  employed  by  them,  486.  Usual  mode  in  which  the  mason  judges 
of  the  value  of  a  stone,  ib.  Protecting  influence  of  lichens,  ib.  General 
relative  value  of  building-stone  according  to  mineralogical  composition, 
487.  Beer  stone,  ib.  Building-stone  from  the  chalk  and  green  sand,  in- 
ferior oolite,  and  lias,  488.  From  the  red  sandstone  series,  489.  From 
the  carboniferous  limestone  and  carbonaceous  series,  490.  From  the 
grauwacke  and  its  associated  trappean  rocks,  ib.  From  the  granitic  por- 
tions of  the  district,  491.  Amount  of  granite  exported  from  Penryn,  493. 
Present  prices  of  Penryn  granite,  ib.  Amount  and  value  of  granite  ex- 
ported annually  from  Cornwall  and  Devon,  494.  Value  of  elvans  as 
building-stones,  ib.  Consolidated  sand  of  New  Quay  and  Crantock  em- 
ployed as  building-stone,  485. 

Finer  Materials  for  Polished  Columns,  Vases,  ij-c— Flints,  chalcedony,  and 
variegated  brown  jasper  (Egyptian  pebbles),  from  the  chalk  and  green 
sand,  496.  Rock  crystals,  ib.  Use  of  them  in  jewellery  in  the  time  of 
Queen  Elizabeth,  497.  Substances  from  the  lias,  ib.  Porphyries  from 
the  red  sandstone  series  of  South  Devon,  ib.  Marbles  in  the  carbonaceous 
series,  ib.  Sienites  and  hypersthenic  rocks  in  the  same  series,  498.  Bab- 
bacombe  and  Plymouth  marbles,  ib.  Marbles  of  Ipplepen,  Totnes,  and 
other  places,  ib.  Serpentine  of  the  Lizard,  499.  Diallage  rock  of  the 
Lizard,  500.  Polished  granite  columns  of  Pendarves,  ib.  Granites  which 
have  a  handsome  appearance  when  polished,  ib.  Beautiful  white  granite 
near  Okehampton,  501.  Beauty  of  many  elvans  when  worked  and  po- 
lished, ib.  Tremore  porphyry,  ib.  Worked  for  Mr,  Austen  Treffry's 
mansion.  Place,  Fowey,  ib.  Other  elvans  which  have  a  handsome  ap- 
pearance when  polished,  502. 

Roofing  Slates. — In  the  carbonaceous  series,  502.  In  the  grauwacke  of 
Nortn  Devon.  South  Devon,  and  Cornwall,  503.  Of  the  Delabole  and 
neighbouring  quarries,  ib.    Value  and  ancient  repute  of  these  slates,  ib. 

Flagstones, — Of  the  carbonaceous  series  and  grauwacke,  504.  Value  of 
those  from  Delabole,  ib. 

Gypsum.—OhtBLineA  ftom  the  marls  of  the  red  sandstone  series  near  Watchet, 
and  exported,  504. 

ZtW.—Supply  to  the  country  near  Weston-super-Mare  and  Bleadon,  505. 
To  the  country  near  Bridgewater  and  thence  to  the  vicinity  of  Watchet," 
ib.  Value  of  lias-lime  for  water-setting  purposes,  ib.  Supply  of  lime 
from  the  calcareo-magnesian  rocks  between  Williton  and  Thorn  St  Mar- 
garet, ib.  Supply  from  the  limestones  ranging  round  from  Williton  to 
Cutcombe,  506.  From  those  at  Kentisbury,  Combe  Martin,  and  near  II- 
fracombe,  ib.    From  those  between  Holcomb  Rogus  and  the  neighbour- 
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hood  of  Barnstaple,  ib.  From  the  lias  on  the  south  of  Taunton,  ib.  From  the 
lias  and  chalk  among  the  Black  Down  Hills,  and  near  Lyme  Regis,  Beer, 
and  Bran.«HX>mbe,  507.  Scarcity  of  lime  in  the  tract  of  country  extending 
from  Bideford  and  Boscastle  on  the  west,  to  part  of  the  Black  Down  Hills 
on  the  east,  ib.  Supply  from  limestones  of  South  Devon,  ib.  Range  of 
export  of  the  Plymouth  limestones,  508.  Supply  from  the  limestones  ex- 
tending from  Lifton  to  Drewsteignton,  ib.  From  those  of  South  Pether- 
vin,  Trenalt,  and  Rock,  ib.  Mode  in  which  Comvall  is  supplied  with 
hme,  1^. 

China-^ay  ctnd  Siane, — Localities  where  the  china-clay  is  prepared,  509. 
Mode  of  artificial  preparation,  ib.  Amount  of  annual  export  of,  from 
Cornwall  and  Devon,  510.  Annual  export  of  natural  china-clay  from 
the  Bovey  deposit,  Devon,  ib.  Mode  of  obtaining  this  clay,  51 1.  Steatite 
ofthe  Lizard,  i6.  Hayle  clay,  t6.  China-stone,  and  its  annual  export, 
512.  Annual  amount  and  value  of  the  export  of  china-clay  and  stone  from 
Cornwall  and  Devon,  ib.  Recent  date  of  this  export,  ib.  Probable  date 
of  the  first  artificial  china-clays  of  Cornwall  ^nd  Devon,  513. 

Anthradie  and  Lignite. — Anthracite  beds  of  North  Devon,  5)3.  Amount 
of  anthracile  raised  at  present  and  formerly,  514.  Unsuccessful  attempts 
in  sinking  for  coal,  515.  Character  of  these  attempts,  ib.  Lignite  of 
Bovey  Heathfield,  ib. 

SUhe-ttcnen  or  ^A^te/one^.— Obtained  on  the  western  part  of  the  Black 
Downs,  516.  Dr.  Fitton's  account  of  the  concretions  whence  they  are 
mannfactured,  ib.    Value,  517. 

Mineral  Springs,— Oihex  than  chalybeate  springs  not  common  in  the  district, 
51 7.  Miraculous  virtues  attributed  to  some  springs  in  Cornwall,  ib.  Vic- 
toria Spa,  Plymouth,  analysis  of  the  waters  of,  518. 

Harbourt. — ^Estuary-harbours  much  filled  up  by  the  detritus  washed  fi*om 
stream-works,  518.  Ancient  act  of  parliament  respecting,  ib.  Precautions 
that  might  be  taken  to  modify  the  injurious  effects  of  the  natural  drift  of 
detritus  in  such  situations,  519.  Observations  respecting  the  value,  in  es- 
tuary-harbours, of  the  largest  entrance  of  waters  on  the  flood-tide  which 
can  be  obtained,  ib,  Padstow,  Hayle,  Teignmouth,  and  Exmouth  estuary- 
hartiours,  520.  State  of  the  embouchure  of  the  Axe,  ib.  Value  of  the  Looe 
Pool  as  a  harbour  if  a  permanent  entrance  through  the  shingle-beach  could 
be  established,  ib.  Pier-harbours  are  artificial  coves  and  creeks,  521. 
Value  of  the  construction  adopted  at  the  Cobb,  or  pier-harbour,  Lyme 
Regis,  as  regards  the  free  passage  of  the  shingle-beach  along-shore,  ib. 

Mine$. — Obscurity  of  the  early  trade  in  Cornish  tin,  522.  Stanniferous 
gravels  probably  aJOforded  the  first  tin,  ib.  Sunniferous  gravels  of  Banka 
and  the  Malayan  peninsula,  523.  Phosnician  trade  to  Cornwall  for  tin, 
ib,  Notioe  by  Diodorus  Siculus  of  the  ancient  trade  in  Cornish  tin  and  the 
place  where  it  wascarried  on,  524.  St.  Michael's  Mount  probably  the  ancient 
Iktis,  ib.  Bronze  instruments  and  ornaments  ibund  in  the  tin  stream- 
works,  ib.  Bruges  the  chief  emporium  for  Cornish  tin  in  the  thirteenth  cen- 
tury, 525.  .Italian  trade  in  Cornish  tin  in  the  fourteenth  century,  ib.  Early 
charteis  to  the  Cornish  and  Devon  tinners,  526.  Appointment  of  stannary 
courts,  527.  Opinions  of  the  tinners,  about  k  600,  rohpecting  stream-tin,  ib. 
Mode  of  finding  (pdes  and  conducting  mines  at  that  time,  528.  Tools 
then  employed,  ib.  Drainage  machinery  of  that  time,  529.  Mode  of 
dressing  tin-ores  about  the  year  1600,  ib.  Blowing-houses,  and  practice  of 
burning  them  down  purposely  in  order  to  obtain  the  fine  particles  of  tin 
driven  upon  theur  thatched  roofs,  530.  Turf  and  charcoal  employed  in 
smelung  tin  in  the  time  of  King  John  and  Edward  I.,  531 .    Wages  ob- 
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{  tained  by  the  tinnere  in  the  time  of  Queen  Elizabeth » ib.  Working  mines 
in  Several  or  m  Wastrel,  with  the  practice  of  Bounding,  j32.  Copper-mines 
worked  in  Cornwall  about  1600,  t^.  Copper>ores  first  obtained  while 
working  the  tin-lodes,  533.  Mode  of  mining  in  Cornwall  and  Devon  about 
1671,  t6.  Borlase's  account  of  the  tin  stream- work  in  the  middle  of  the 
last  century,  534.  Mode  of  working  mines  at  that  time,  535.  Machinery 
for  unwatering  the  mines  then  employed,  ib.  Steam  or  fire-engines  of 
that  period,  and  the  great  consumption  of  coals  by  them,  536.  Manner  of 
dressing  the  tin-ores  then  practised,  537.  Great  value  of  the  ores  from 
Polberou  Mine,  St.  Agnes,  at  that  time,  538.  Copper-mines  then  at  work« 
and  from  which  the  greatest  profits  had  been  obtained,  539.    Present  t 

,    mode  (which  is  described)  of  selling  copper-ores  by  ticket  first  adopted  / 
about  110  years  since,  540.    Such  sales  now  take  place  weekly,  541.  | 
Account  of  a  sale  of  copper-ores  in  November,  1 838,  at  Truro,  542.     Va- ' 
nation  in  the  value  of  Uie  parcels  of  ore  sold,  543.    Produce  per  cent,  of 
Cornish  copper-ores  from  1 77 1  to  1 837  inclusive,  544.  Standard  of  copper,  tb. 
Great  increase  of  the  produce  of  Cornish  copper  and  tin  finom  1 758  to  1 778, 
ib.    Tin-streamine:  about  the  year  1778,  with  the  mode  of  paying  the 
owners  of  the  land  at  that  time,  545.    Small  tin-stream  adventures,  546. 
State  of  boundary  in  1778,  ib.    Manner  of  working  a  mine  at  that  time, 
547.  Machinery  for  unwatering  the  mines  employed  about  1 778,  ib,  New- 
comen's  engines,  548.    Watt's  engines,  549.    Effectiveness  of  the  pump- 
ing-engines  now  employed  in  the  Cornish  mines,  ib.  Table  of  the  average 
duty  of  steam-engines  employed  in  pumping  in  the  Cornish  mines  for  1 836, 

j  551.  Forthehalf-year  in  1837,  ending  in  June,  552.  Table  of  the  duty 
performed  by  the  Cornish  steam  pumping-engines,  with  the  average  duty 
of  the  best  engines  from  1813  to  1837,  inclusive,  554.  Table  of  the 
greatest  and  least  quantities  of  water  discharged  per  minute,  in  1837, 
from  the  mines,  555.  Water  discharged  in  1837  by  the  engines  reported 
in  the  duty-paper,  556.  Present  mode  of  working  mines  in  the  district, 
ib.  Value  of  great  cross-courses  between  great  mines,  559.  Austen's 
engine  at  Fowey  Consols,  562.  Skill  of  the  miners  in  sinking  shafts  in 
different  pieces  from  different  levels,  563.  Great  adit  in  Gwennap  and 
near  Redruth,  564.  Surface-works  in  mines,  ib.  Mode  in  which  the  V« 
mines  are  undertaken  and  managed,  565.  Captains,  566.  Tributers,  567. 
Whole  mines,  about  17 78,  let  at  tribute,  568.  Tutworkmen  and  day-labour- 
ers, 569.  Rate  of  miners'  wages  per  month  in  1837,  t6.  Attention  to  the 
comforts  of  the  miners,  57o.  Diseases  of  the  miners  and  their  causest, 
ib.  Endeavours  to  obtain  machinery  to  facilitate  the  descent  and  ascent 
of  miners  in  the  mines,  572.  Advantage  of  steam-whims,  t6.  Rarity 
of  inclined  planes,  573.  Improvement  of  late  in  the  working  of 
mines,  ib.  Age  of  Norwegian  timber  employed  in  them,  ib.  Account 
of  the  sums  paid  as  drawback  for  the  timber  imported  for  the  use  of 
the  Devon  and  Cornish  mines,  574.  Account  of  the  loads,  price,  and  value 
of  debenture  timber  used  in  the  Cornish  mines  from  1818  to  1837,  inclusive, 
ib.  Introduction  of  blasting  by  gunpowder  into  the  Cornish  mines,  575. 
Manner  of  dressing  tin-ores  in  1778,  1828,  and  at  present,  575.  A  large 
proportion  of  tin-ores  now  sold  by  ticket  in  the  same  manner  as  copper-ores, 

581.  Cornish  mode  of  assaying  tin-ores,  f  6.  Berlhier's  mode  of  assaying 
them,  ib.      Mines  from  which  black  tin    was    sold  in  1837  by  ticket, 

582.  Proportions  of  the  tin-ores  sold  in  1837  by  ticket,  and  private 
contract,  with  the  amount  of  both,  584.  Composition  of  the  tin-ores,  ib. 
Vanning,  and  the  dexterity  of  the  miners  at  it,  585.  Tin  coinage,  ib. 
Ancient  and  modern  coinage  towns  in  Cornwall  and  Devon,  ib.  Notices 
of  the  dues  received  by  the  duchy,  on  account  of  tin  coinages,  from  1213 
to  the  present  time,  586.    Account  of  the  annual  produce  of  the  tin-mines 
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of  the  duchy  of  Cornwall,  from  1750  to  1779,  inclusive,  588.  Account  of 
the  annual' produce  of  the  tin- mine,  from  1780  to  1838,  with  the  aveAge 
price  percwL  of  common  tin.  589.  Chemical  composition  of  the  copper-ores 
raised  in  the  district,  590.  Mode  of  dressing  copper-ores  in  the  middle  of 
the  last  century,  592.  Manner  of  doing  so  twenty  years  afterwards,  ib. 
Mode  of  dressing  copper-ores  at  present.  694.  Cornish  method  of  assay- 
ing eopper-ores,  595.  Berthier's  manner  of  assaying  copper-ores,  ib.  Ac- 
count of  the  copper-ores  sold  at  the  Cornish  ticketings,  in  the  year  end- 
ing June.  1838,  597.]'  Table  of  foreign  and  British  ores  sold  by  ticket 
for  the  same  year  at  Swansea,  599.  Account  of  the  receipts  and  expendi- 
ture in  1836  of  the  Consolidated  and  United  Mines,  Gwennap,  600.  Rate 
of  wages  paid  in  that  year  at  the  same  mines,  602.  Extent  of  these  mines, 
1^.  Transactions  of  the  Consolidated  Mines  for  eighteen  years,  603. 
Reoeipts  and  expenditure  in  1837  of  the  Fowey  Consols  Mines,  ib.  Ex- 
lent  of  these  mines  and  profit  realised  by  them,  605.  Annual  expendi- 
ture of  the  largest  copper-mines  in  1778  and  in  1800,  ib.  Account  of  the 
copper-ores  and  their  value,  from  1726  to  1838,  inclusive,  606.  Compa- 
rison between  the  produce  of  copper  in  1737, 1787,  and  in  1837,  in  Cornwall, 
607.  Copper-oies  raised  from  1801  to  1837  in  Devon,  608.  Copper  ad- 
ventures of  West  Somerset,  609.  Manganese  of  the  district,  ib.  Lead, 
610.  Ancient  argentiferous  lead-mines  of  Devon.  611.  Silver-ores,  612. 
Gold,  613.  Cobalt.  614.  Nickel.  615.  Bismuth,  ib.  Antimony,  ib.' 
Zinc,  6!  6.  Iron,  617.  Arsenic,  618.  Ancient  sunnary  parliaments,  ^ 
id.  Ancient  stannary  prisons.  6 1 9.  Present  stannary  court,  620.  Num- 
ber of  persons  employed  in  1836  and  1837  in  the  Cornish  mines,  621. 
Total  value  of  the  exported  mineral  produce  of  the  district,  623.    Relative 

Proportion  of  metallic  produce  of  the  district  to  that  of  other  parts  of  the 
United  Kingdom  and  the  Continent  of  Europe,  62-1.  Annual  metallic 
produce  of  Great  Britain  and  Ireland,  ib.  Relative  proportion  of  the 
mineral  produce  of  Great  Britain  and  Ireland  to  that  of  other  European 
countries  ib. 
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Aftpendix  A. — Charter  of  King  John,  dated  the  29th  October,  1201,  to  the 
tinners  of  Cornwall  and  Devon,  625.  Charter  of  Edward  1.,  dated  the 
1 0th  April.  1305,  to  the  tinners  of  Cornwall.  626.  Charter  by  the  same, 
and  of  the  same  date,  to  the  tinners  of  Devon,  027.  Petition  of  the  com- 
monalty of  Devon  to  the  king  in  council  against  the  conduct  of  the  Devon 
tinners,  in  the  1st  of  Edward  III.,  628.  Petition  of  the  same  to  the  king 
in  parlianaent,  in  the  50th  of  Edward  III.,  and  the  directions  thereupon, 
629.     Rights  claimed  by  the  Devon  tinners  in  1600,  ib. 

Appendix  B. — ^Translation  of  a  letter  from  William  de  Wrotham  and  others 
to  Hubert  Archbishop  of  Canterbury  and  Chancellor  of  England,  exhibit- 
ing the  regulations  in  force  respecting  the  tin  coinage  in  Devon  and 
Cornwall  in  the  time  of  Richard  I.  and  King  John,  629. 

Appendix  C. — Observations  by  Mr.  Enys  on  Cornish  pumping-engines, 
more  particularly  relating  to  their  progressive  improvements  as  measured 
by  duty,  634. 

Appendix  D.  Additional  Notes. — Custom  respecting  the  opening  of  the  Looe 
PooU  Helftton,  642.    Note  respecting  the  mode  of  occurrence  of  certain 
beds  of  rock  near  Linton,  i6.    Black  slate  of  Kitley  Park,  643.    Sup- 
fiuilt  at  Connator  Quarry,  ib.    Chudleigh  limestones,  ib.     Order 
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respecting  the  examination  of  the  fossil  shells  of  the  district,  ik  Appa- 
Ant  dip  of  the  rocks  near  fiolne  Bridge,  on  the  Dart,  ib.  Weight  of  the 
Logan  stone,  ib.  Mode  in  which  volatile  particles  may  carry  off  others 
t^.  Similarity  in  the  direction  of  divisional  planes  in  many  parts  of  Kng- 
land,  ib.  Parts  of  lodes,  the  opposite  walls  of  which  were  granite  and 
slate,  644.  Hutchinson  and  Borlase  observed  hefore  Pryce  that  lodes  with 
different  directions  in  Cornwall  were  of  different  ages,  tb.  Mixed  crystal- 
line composition  of  some  lodes,  ib.  Fossil  shell  replaced  by  sulphuretof 
copper  in  the  rock  at  Doddington  Mine,  Somerset,  ib.  Submarine  mines, 
ib.  Note  respecting  red  deer  in  Cornwall,  645.  Borlase's  inferences 
respecting  the  submarine  forest  in  Mount's  Bay,  Cornwall,  ib.  Condition 
of  a  deer*s  hom  found  in  the  consolidated  sands  at  New  Quay,  ib.  Chalk- 
flints  in  a  bed  of  clay  near  Ludgvan,  646.  Cornish  sea-sand  employed 
for  manure  in  the  time  of  Henry  III.,  f6.  Ochre  and  umber  formerly 
raised  in  Devon,  ib.  Charter  of  King  John  to  the  tinners  confirmed 
by  Henry  III.,  ib.  Tithe  of  the  tin  in  Devon  and  Cornwall  granted 
to  the  bishop  and  cathedral  of  Exeter  by  King  John,  ib.  Petition 
of  the  Devon  tinners,  in  the  8th  of  Edward  II.,  to  have  a  warden 
to  protect  them  from  the  tinners,  with  complaints  against  the  conduct 
of  the  latter,  ib.  Petition  of  the  tinners  of  Cornwall,  in  the  33rd  of 
Edward  I.,  to  be  separated  from  the  tinners  of  Devon,  ib.  Justices 
appointed  to  inquire  into  the  disputes  of  the  tinners  of  Devon  and 
Cornwall,  two  years  afterwards.  647.  Tin-streaming  in  DeVon,  ib.  Grant 
to  John  Botright,  by  Henry  VI.,  of  his  mines  in  Devon  and  Cornwall  in 
which  gold  or  silver  might  be  obtained,  with  directions  that  he  may  press 
the  miners  he  may  require,  ib.  Method  of  smelting  and  refining  the  ar- 
gentiferous lead-ores  of  Beer  Alston,  Devon,  in  the  year  1298,  as  ordered 
by  Edward  I.,  ib. 
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A^r  6y  imt  2a,  far  Davidston  rtad  Davidttow 

13 37  —  British  Channel  read  Bristol  Channel 

125 20  —  compressions  read  impressions 

M7 42  —  90  read  70 

285 39  —  North  'fawton  reotf^orth  Molton 

289 4  —  North  Tawton  read  North  Molton 

322 36  —  Relistran  read  Relistian 

333 8  —  Relistran  read  Relistian 

351 37  —  could  be  read  could  not  be 

363 9  —  whether,  from  any  read  whether,  any 

419 18  —  British  Channel  read  Bristol  Channel 
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1730.  Natural  History  of  Scilly  and  Com- 

walL    ByHeatli. 
1733.  Of  the  great  alterations  which  the 
Islanda  of   Scilly   have  undergone 
kince  the  time  of  the  ancients,  who 
nentioQ  them,  as  to  their  number, 
extent,  and  position.      By  the  Rev. 
W.  Boriase — Philosophical  Trans- 
actions for  1753,  p.  55. 
1 757.  Of  some  trees  discovered  under  ground 
on  the  shore  at  Mount's    Bay.    in 
ComwalL    By  the  Rev.  W.  Boriase. 
—  Philosophical    Transactions     for 
1757. 
175b.  Hw   Natural   History  of  Cornwall. 

By  the  Rev.  William  Boriase. 
1778.  Mmeralogia  Cornubiensis.     By  Wil- 
liam Pryce.  of  Redruth. 


1781.  Voyages  Mfetallurgiques.  Par  M.  G. 
Jurs. 

(There  is  a  chapter  on  the  tin  and 
copper  mines  of  Cornwall,  from 
))er8onal  observations  made  in 
1765.    Tom.iii.  p.  18G.) 
1787.  Klaproth,  on  the  Mineral   and  Che- 
mical History  of  the  Fossils  of  Corn- 
wall.     TransUted    by   Dr.    I.    6. 
Groeche. 
1790.  Reise  von  London  in  die  Graifchaft 
Komwall    (1783).— K0hler*s   Beig- 
mltnnisches  Journal,  Dritter  Jahr- 
gang,  Zweiter  Band,  p.  1 — 143. 
1794.  General  View  of  the  Coimty  of  Corn- 
wall.    By  Robert  Fraser. — Agricul- 
tural Reports,  vol.i. 
1 794.  General  View  of  the  Countv  of  Devon. 
By    Robert    Fraser.  —  Agricultural 
Reports,  vol.  ii. 

(In  this  report  there  is  a  map  of 
the  soils  of  Devonshire.) 

1794.  General  View  of  the  County  of  So- 
menet  By  John  BillingHley. — 
Agricultural  Reports,  vol.  iv. 

(In  this  report  there  is  a  coloured 
map  of  the  soils  of  Somersetshire.) 

1795.  Sketch  of  Cornwall,  taken  from 
Pryce's  Mineralogia  Cornubiensis, 
and  principally  relating  to  Mines: 
with  additional  notes  from  the  Ger- 
man Journals. — Journal  des  Mines, 
torn.  i.  3.  p.  91.  (An.  III.) 

1797.  Tour  in  the  Western  Counties.    By 
Dr.  Maton. 
(Contains  a  geological  map,  and 
numerous    geological    observa- 
tions.) 
1799.  Sketch  of  the  History  of  Mining  in 
Devon    and    Cornwall.      By   John 
Taylor. —  (Philosophical  Magazine, 
vol.  V.  pp.  357.) 
1801.  Account  of  the  Discovery  of  Silver  m 
Herland  Copper-mine.     By  the  Rev. 
Malachy  Hitchins. —  (Philosophical 
Tranxactions   for    1801,    part   i.  p. 
159,  with  a  plan  of  the  lodes,   pi.  zi. 
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1802.  lUustrationsof  the  Huttonian  Theory 
of  the  Earth.  Bj  Professor  John 
Playfair. 

(Notices  Bovey  coal,  p.  152 ;  the 
fossiliferous  character  of  the 
Plymouth  limestones,  p.  164; 
cross-courses  in  Cornwall,  p, 
254;  ComisH  elvans,  p.  310; 
f^ranite-veins  of  St  Michael's 
Mount,  p.  317;  the  mouths  of 
the  rivers  on  the  south  coast  of 
Devon  and  Cornwall,  p.  368; 
the  Logan  stone,  p.  395.) 

1803.  Surle  Gisement,  I'Exploitation,  et  le 
Traitement  de  I'Etain,  dans  le  Dvchi 
de  Comouailles.  Par  A.  H.  Bon- 
nard.— Journal  des  Mines,  torn.  xiv. 
p.  443.  (An.  XI.) 

(The  author  more  particularly  de- 
scribes Polgooth  Mine,  Carclase 
Mine,    and  Pentowan   Stream- 
work,   near    St.  Austell,    from 
personal  observations.) 
1808.   An  Accoiuit  of  the  Relistian  Tin- 
mine.     By  Joseph  Came.— Nichol- 
son's Journal^  vol.  xx,  p.  24. 
1808.  General  View  of  the  Agriculture  of 
the  County  of  Devon.    By  Charles 
Vancouver. 
1811.  Geological  Tour  in  Devon  and  Corn- 
wall    By  Dr.  Berger.— Geological 
Transactions,  vol.  i.  1st  series. 
1811.  Geological  Travels.     By  J.  A.  de 
Luc. 
(Vols.  li.  and  iii.  contain  his  tia^ 
vels  in  Cornwall,  Devon,  and 
Somerset) 

1813.  Mineralogical  Observations  on  Corn- 
wall. Bv  Dr.  Thomson.— Annals  of 
Philosophy,  vol.  ii.  pp.  247, 346. 

1814.  Magna  Britannia,  Cornwall  By  the 
Rev.  Daniel  Lysons,  and  Samuel 
Lysons,  Keeper  of  the  Records  in 
the  Tower  of  London. 

1814.  On  the  Porcelain  Earth  of  Cornwall 
By  Dr.  Fitton.— Annals  of  PhUoso- 
phy,  vol  iii.  p.  180, 

1814.  On  the  Granite  Tors  of  Cornwall.  By 
J.  MacCulloch,  M.D.— Geological 
IVanssctions,  vol.  ii.  Ist  series,  p. 

1814.  On  the  Veins  of  Cornwall.  By  Wil- 
liamPhillijps^-Geological  Transac- 
tions, vol  II.  1st  series,  p.  110. 

1814.  On  the  Economy  of  the  Mines  in 
Cornwall  and  Devon.  By  John 
Taylor.  — Geological  Transactions, 
vol.  11. 1st  series,  p.  309. 

1814.  Memoranda  relatively   to   Clovelly,  | 


[  North  Devon.     By  the  Rev.  J.  J. 

Conybeare.  —  Geological      Transac- 
tions, vol.  il  Ut  series,  p.  498. 

1816.  Sketch  of  the  Geology  of  the  South- 
western Part  of  Somersetshire.  By 
Leonard  Homer.  (Read  17  Feb. 
1815 .) — Geological  Transactions, vol 
iii  p.  338. 

1817.  Account  of  some  remarkable  Disturb- 
ances in  the  Veins  of  the  Mine  called 
Huel  Peever,  in  Cornwall  By  John 
Williams,  jun.  (read  2nd  June,  1815). 
— Geological  Transacj  ions,  vol.  iv.  1st 
series. 

1817.  Description  of  (he  Tunnel  of  the 
Tavistock  Canal,  through  Morwell 
Down,  in  the  County  of  Devon.  By 
John  Taylor. — Geological  Transac- 
tions, vol.  iv.  1st  series. 

1817.  Memoranda  relative  to  the  Porphyri- 
tic  Veins,  &c.,  of  St.  Agnes,  in  Corn- 
wall By  the  Rev.  J.  J.  Conybeare 
(read  3rd  December,  1813).— Geolo- 
gical Transactions,  vol.  iv.  Ut  series. 

1817.  On  the  Stream-works  at  Pentowan. 
By  Euward  Smith  (read  3rd  June, 
1 8 14)*— Geological  Transactions,  vol 
IV.  first  series. 

1817.  Obwervationg  respecting  the    Lime- 
stone of  Plymouth.    By  the  Rev.  R. 
Hennah   (letters  dated  26th  Sept. 
1814,  and  19th  Jan.,  1815).— Geo- 
logical   Transactions,   vol  iv.     Ist 
series. 
(The    author   notices  the  raisec 
beach  at  Plymouth  in  this  pa* 
per,  p.  412.)  ^ 

1817.  Notice  of  Fossil  Shells  in  the  Slate  ol 
Tintagel  By  the  Rev.  J.  J.  Cony- 
beare.—Geological  Transactions,  vol 
IV.  1st  series,  p.  425,  plate  25. 

1817.  An  Account  of  some  Fossil  Remains 
of  the  Rhmoceros,  discovered  by  Mr. 
Whitby,  in  a  cavern  enclosed  in  the 
hmesione-rock  from  which  he  is 
forming  the  Breakwater  at  Ply- 
mouth. By  Sir  Everard  Home,  Bart. 
—Philosophical  Transactions  for 
1817,  part  i.  p.  176. 

1818.  TransacHons  of  the  Royal  Geoloirical 

Society  of  Cornwall,  vol  I  ConUins. 
relatmg  to  the  Geology  and  mining 
of  Cornwall —  ^ 

a.  On  a  recent  Formation  of  Sandstone, 
occurring  in  various  parts  of  the 
Northern  Coast  of  Cornwall.  By 
Dr.  John  Ayrton  Paris,    p.  1. 

A.  An  Account  of  some  Granite  Veins  at 
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PoHh  Juit.  near  Cape  Cornwall.  By 
Dr.  John  Davy.    p.  20. 
e.  Notes  on  the  Coast  west  of  Penzance, 
and  on  the  Structuns  of  the  Scilly 
Islands.  fiyAshurst  Majendie.  p.  27. 

d.  A  Sketch  of  the  Geology  of  the  Li- 

Stfd  District.   By  Ashurst  Majendie. 
pw32. 

e.  Hints  on  the  Gkology  of  Cornwall. 

By  Sir  H.  Davy.     p.  38. 

/.  Od  ElvanCounes.  By  Joseph  Came, 
p.  97. 

^.  Notes  on  the  Limestone  Rocks  in  the 
parish  of  Veiyan.     By  S.  J.  Trijit, 
p.  107. 
Appendix  to  the  above,  by  the  Rev. 
J.  Rof^crs.    p.>114. 

k.  On  the  DiscuTery  of   Silver  in  the 
limes    of  Cornwall.      By   Joseph 
Cane.    p.  1I& 
i.  On    Submarine   Mines.       By  John 
Hawkins. 
AccDoat    of  the  Wheny    Mine, 
Penzance,     p.  136. 

A  On  tome  remarkable  Phenomena  at- 
tending the  Lodes  of  Polgooth  Tm 
Mine.    By  John   Hawkins,  p.  143. 

/.  Obtenrations  on  the  Geolopcal  Struc- 
ture of  Cornwall,  with  a  view  to  trace 
its  connexion  with,  and  influence 
upon,  its  Agriculture  Economy,  and 
to  establish  a  rational  system  of  Mi- 
neral Manure.  By  Dr.  John  Ayrton 
Paris,     pw  168. 

81.  On  a  Cavern  in  Dolcoath  Mine.  By 
John  Ruitt.    p.  225. 

n.  On  Stones  and  Clays  annually  ex- 
ported from  Cornwall,  for  the  pur- 
poses of  Architecture,  Mannfactures, 
and  the  Arts.   By  Dr.  Paris,  p.  231. 

•.  Obarrvatioiis  on  Gold  found  in  the 
Tkn  Stream  Works  of  Cornwall.  By 
Sir  Christopher  Hawkins,  p.  236. 

p.  Vegetable  remains  in  the  Basin  at 
Poftleven.  By  the  Rev.  John  Rogers. 
p.  236. 

q.  Cantnbuttoiis'towards  a  Knowledge  of 
the  Gvolo^cal  History  of  Wood  Tin. 
By  Ashurst  Majendie.  p.  237. 
1319.  Report  on  a  Survey  of  the  Mining 
District  of  Cornwall,  from  Chase- 
water  to  Camborne.  By  Richard 
Thomas^  (Accompanied  by  a  Mining 
Map  and  Sections  of  that  district) 
1821.  On  the  Physical  Structure  of  those 
Formations  which  are  immediately 
associated  with  the  Primitive  Ridge 
of  Devonshire  and  CornwalL  By  the 
Rev.  Adam  Sedgwick.  (Read  20 
March,  I820.)--Transactions  of  the 
Cambnd«;e  rhilosophical  Society, 
vuLLp.BS. 


182 1.  On  the  Ph^cal  Structure  of  the  Lisanl 
District,  in  the  County  of  Cornwall. 
By  the  Rev.  Adam  Sedgwick.  (Read 
.2  April,  and  7  May,  1821.)— Trans- 
actions of  the  Cambridge  Philo- 
sophical Society,  vol.  i.^p.  291. 
1821.  On  the  Red  Rock  Marie,  or  Newer 
Red  Sandstone,  by  the  Rev.  J.  J. 
Conybeare.  Annals  of  Philosophy, 
new  series,  vol.  i.  p.  254. 

Principally  descriptive  of  the  red 
conglomerates  near  Dawlish  and 
Teignmouth. 
1821.  On  the  Geology  of  the  Neighbourhood 
of  Okehampton,  Devon.     Rev.  J.  J. 
Conybeare.    Annals  of  Philosophy, 
new  series,  vol.  ii.  p.  161. 
Contains     also    additional     memo- 
randa on  the  Red  Marie  of  Devon- 
shire, chiefly  relating  to  the  con- 
nexion   of    the   Trappesn  Rocks 
of  Thorverton  and  Silverton  with  it. 
1821.  A  &rther  Account  of  Fossil  Bones 
discovered  in  Caverns  in  the  Lime- 
stone Rocks  of  Plymouth,  by  Joseph 
Whidbey. — Philosophical    Transac- 
tions, 1»21,  part  i.  p.  133. 
1821.  On  the  Smelting  of  Tin  Ores  in  Corn- 
wall and  Devon,     By  John  Taylor. 
(Read  June   4.   1819.)— Geolo(;ical 
Transactions,  vol.  v.  Ist  series,  p.35i^. 

1821.  Account  of  the  Plymouth  Limestones. 

By  the  Rev.  R.  Henoah.  (Read 
April  2,  1819.)— Geological  Trans- 
actions, Ist  series,  vol.  v.  p.  6 1 9. 

1822.  Magna  Britannia,  Devonshire.  By 
the  Rev.  Daniel  Lysons,  and  Samuel 
Lysons,  Keeper  of  the  Records  in 
the  Tower  of  London. 

1822.  Observations  on  the  Temperature  of 
Mines  in  Cornwall,  by  M.  P.  Moyle. 
— Annals  of  Philosophy,  new  series, 
voLiii.  p.308. 

1822,  Remarks  on  Mr.  Moyle's  "  Observa- 
tions on  the  Temperature  of  Mines  in 
Cornwall,"  by  R.  W.  Fox.— Annals 
of  Philosophy,  vol.  iii.  p.  381. 

1822.  On  the  Temperature  of  the  Mines  in 
Cornwall,  by  M.  P.  Moyle.— Annals 
of  Philosophy,  vol.  iii.  p.  415. 

1822.  On  the  Temperature  of  Mines,  by  R. 
W.  Fox. — ^Annals  of  Philosophy,  new 
series,  voL  iv.  p.  440. 

1822.  Transactions  of  the  Royal  Geological 
Society  of  Cornwall,  vol.  ii.  Contains 
relating  to  the  Geology  and  Mining 
of  Cornwall — 
a.  On  some  advantages  which  Cornwall 
pofMesses  for  the  Study  of  Geology, 


Digitized  by  VjOOQIC 


XXVI 


LIST  OF  WORKS  RELATING  TO 


k. 


and  on  the  nse  which  may  be  made 
of  them.    p.  1. 

On  the  Temperature  of  Mines,  fiy 
R.  W.  Fox.  Part  i.  read  September, 
1S19,  p.  14.  Part  u.  read  October^ 
1820.     p.  19. 

On  the  Stratified  Depositu  of  Tin-stone, 
called  Tin  Floors,  and  on  the  dif- 
fusion of  Tin-stone  through  the  mass 
of  some  Primiti?e  RocIcm.  By  John 
Hawkins,    p.  29. 

On  the  relative  Age  of  the  Veins  of 
CornwalL     By  Joseph  Carne.  p.  49. 

Observations  on  the  Submersion  of 
part  of  the  Mount's  Bay;  and  on 
the  Inundation  of  the  Marine  Sand 
on  the  North  Coast  of  Cornwall.  By 
Dr.Boase.  p.  129. 
On  the  NomenclHture  of  the  Cornish 
Rocks.  By  John  Hawkins.  (Read 
October,  1818.)    p.   145. 

On  the  Temperature  of  Mines.  By  Dr. 
John  Forbes.  (Read  September, 
1819,  and  October,  1820.)    p.  159. 

Observations  on  the  Hornblende  Form- 
ation in  the  Parish  of  St.  Gleer. 
By  the  Re?.  John  Rogers.  (Read 
October,  1818.)    p.  218. 

On  the  Phenomena  of  Intersected 
Lodes,  and  the  legitimate  Inferences 
which  may  be  drawn  from  them.  By 
John  Hawkins.  (Read  October, 
1820.)    p.  2*25. 

On  the  Iniersection  of  Lodes  in  the 
direction  of  their  Dip  or  Underlie. 
By  John  Hawkins.  (Read  October, 
1820.)    p.  232. 

On  the  Geology  of  the  Land's  End 
District.  By  Dr.  John  Forbes.  (Read 
September,  1819.)  p.  242. 
,  An  Account  of  the  Alluvial  Depo- 
sitions  of  Sandrycock.  By  PhiUp 
Rashleigh.  Drawn  up  in  1792.  p. 
281. 

Observations  on  the  Alluvial  Strata  at 
Poth,  Sandrycock,  and  Pentuan.  By 
John  Hawkius.  (Read  September, 
1819.)     p.  285. 

On  the  Mineral  Productions  and  the 
Oeology  of  the  Parish  of  St.  Just. 
By  Joseph  Came.  (Read  1821.)  p.290. 

On  the  Geology  of  ist.  Michael's 
Mount.  By  Dr.  John  Forbes.  (Read 
September,  1819.)    p.  366. 

On  some  instances  of  the  alternate 
Disposition  of  the  Primitive  Strata 
which  have  been  observed  in  Cornwall. 
By  John  Hawkins.  (Read  October, 
18:i0.)    p.  376. 

On  the  Tin  Ore  of  Botallack  and 
Levant.  Uy  Dr.  Henry  Boase.  (Read 
October,  1822.)    p.  383. 


«.  On  the  Temperature  of  the  Cornish 
Mines.  By  M.  P.  Moyle.  (Read 
October,  1822.)    p.  404. 

t.  Observations  on  the  Serpentine  Dis- 
trict of  Cornwall.  By  the  Rev.  John 
Rogers.  (Read  October.  1822.)  p.  416. 
1823.  On  some  Fossil  Bones  discovered  in 
Caverns  in  the  limestone  quarries  of 
Oreston.  By  Joseph  Whidbey. — Phi- 
losophical Transactions  for  1823, 
part.  i.  p.  78. 

1823.  On  the  Temperature  of  Mines,  by  9f . 
P.  Moyle- — Annals  of  Philosophy, 
new  series,  vol.  v.  p.  34. 

1823.  On  the  Geolo^^y  of  Devon  and  Corn- 
wall. By  Rev.  J.  J.  Couybeaie. 
— Annals  of  Philosophy,  new  series, 
vol.  V.  p.  184 ;  voL  vi.  p.  35. 

1823.  On  the  Temperature  of  Mines.  By 
M.  P.  Moyle. — Annals  of  Philosophy, 
new  series,  voL  vi.  p.  15. 

1823.  On  Granite  Veins,  by  M.  P.  Moyle. 
— Annals  of  Philosophy,  new  series, 
vol.  vi.  p.  90,  pl.xxi. 

(Describes  those  east  of  Trewarvss 
Head.) 

1823.  An  Account  of  the  Observations  and 
Experiments  on  the  Temperature  of 
Mines,  which  have  recently  been 
made  in  Cornwall  and  the  North  of 
England. — Philosophical  Magazine, 
vol.  IxL  p.  347, 436 ;  vol.  Ixil  p.  38, 94. 

1824.  Remarks  on  the  Geology  of  the  South 
Coast  of  England,  from  Bridport 
Harbour,  Dorset,  to  Babbacombe 
Bay,  Devon,  by  H.  T.  De  la  Heche. 
Read  5th  March,  1819.'Geological 
Transactions,  2nd  series,  vol.  i.  p.  40. 

1824.  On  the  Excavation  of  Valleys  bv  Di- 
luvial Action,  as  illustrated  by  a 
succession  of  valleys  which  intersect 
the  south  coast  of  Dorset  and  Devon. 
By  the  Rev.  W.  Bucklaod.  Read 
19th  April,  1822.— <Seological  Trans- 
actions, 2ud  series,  vol.  i.  p.  95. 

1824.  Observations  on  the  South- Western 
Coal  District  of  England.  By  the 
Rev.  W.  Buckland  and  the  Rev.  W. 
D.  Cooybeare. — Geological  Transac- 
tions, 2nd  series,  vol.  i.  p.  210. 

1824.  On  the  Temperature  of  Mines.  By 
M.  P.  Moyle. — Annals  of  Philosophy, 
new  series,  vol.  viii.  p.  446. 

1825.  Observations  on  the  Temperature  of 

Sprmgs,  Wells,  and  Mines  in  Corn- 
wall. By  Dr.  John  Davy. — Brew- 
ster's Edinburgh  Journal  of  Science, 
vol.  iii.  p.  75. 

1826.  On  the  Temperature  of  Mines.    By 

M.  P.  Moyle. — Annals  of  Philosophy, 
new  series,  vol.  xi.  p.  259. 
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1827.  VnyaecM^taUaigique  en  Angleterre. 
Par  MM.  Dufir^noy  et  Elie  de  Beau- 
mont.— Notice  «ur  le  Guement,  T  Ex- 
ploitation, et  le  Traitement  des  Mi- 
nexais  d'Etain  et  de  Cuivre  de  Corn- 
ooailles,  p.  1—254. 
lS2d.  Account  of  the  Iron  Mine  at  Haytor^ 
Devonshire.      By  I.  T.  Kingston. — 
Phil.  Mag.  and  Annals  of  Philosophy, 
new  series,  vol.  iii.  p.  359. 
1838.  Transactions  of  the  Royal  Geological 
Society  of  Cornwall,  vol.  iii.    Con- 
tains, relating  to  the  Geology  and 
Mining  of  Cornwall — 
a.  On  the  Changes  which  appear  to 
have  taken   puice  in  the  Primitive 
Fwm  of  the  Cornish  Peninsula.    By 
John  Hawkins,    p.  1. 
6.  Some  Obaerrations   on  the  Alluvial 
Formations  of  the  Western  P^rt  of 
ConvalL      By  Dr.  Boase.      Read 
October,  1824.    p.  17. 
r.  On  the  Period  of  the  Commencement 
oi'  Copper  Mining  in  Cornwall,  and 
on  the  improvements  which  have  beea 
made  in  Mining.    By  Joseph  Came. 
Read  October,  1824.  p.  35. 
d.  Some  Aigoznoits  in  support  of  the 
opinion  that  the  Iktis  of  Diodorus 
Stculus  is  St.  Michael's  Mount.    By 
Dr.  Barham.    Read  October,  1825, 
p.  86. 
€.  On  the  Intercourse  which  subsisted 
between  Cornwall  and  the  Commer- 
cial States  of  Antiquity,  and  on  the 
Sute  of  the  Tin  Trade  during  the 
middle  ages.      By  John  Hawkins. 
Read  October,  1824,  p.  113. 
/.  On  the  singular  state  of  some  Ancient 
C<»ns  lately  found  in  the  sands  at 
Hayle,  and  on  the  evidence  deducible 
from  them  relative  to  the  period  of 
the  earliest  deposition  of  sand  on  the 
Borthem    coast    of  Cornwall.     By 
Joseph  Cane.    Read  October^  1825, 
p.  136. 
g.  Some    farther  Observations  on   the 
Temperature  of  Mines.     By  T.  F. 
Barham.     Read  1824,  p.  150. 
A.  On  the  Sand  Banks  of  the  northern 
ahoiea  of   Mount's    Bay.     By  Dr. 
Henry  Boase.    Read  October,  1826, 
p.  166. 
1.  Chi  a  sinffolar  Exudation  of  Gas  in  the 
Union  Mines.     By  W.  J.  Henwood. 
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k.  On  the  Granite  of  the  Western  Part  of 
Cornwall.     Bv  Joseph  Came.   Read 
July,  1827,  p.'208. 
/.  Some  further    Observations    on   the 
Temperature  of  Mines.     By  Robert 
Were  Fox.  Read  Oct,  1827,  p.  313. 


m.  Notice  of  some  Circumstances  con- 
nected  with  the  Heave  of  a  Copper 
Lode  by  a  Flucan  Vein,  in  the  Con- 
solidated Mines,  Gwennap.  By  W. 
J.Henwood,  p.  329. 

ft.  Notice  of  a  Granite  Vein  discovered 
in  Herland  Mine.  By  Richard  Ed- 
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o.  Notice  of  the  Native  Copper  of  Con- 
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nity of  Lyme  Regis,  Dorset  By  H. 
T.  De  la  Beche.  Read  21  Nov.  1823. 
— Geological  Transactions,  2d  series, 
vol.  ii.,  p.  21. 

1829.  On  the  Chalk  and  Sands  beneath  it 
(usually  termed  Green-sand)  in  the 
vicinity  of  Lyme  Re^s,  Dorset ;  and 
Beer,  Devon.  By  H.  T.  De  la  Beche, 
Read  16  Dec.  1825. —Geological 
Transactions,2d  series,  vol  ii.,p.  109. 

1829.  Additional  Remarks  on  the  Nature 
and  Character  of  the  Limestone  and 
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vol  ii.  p.  405. 

1829.  On  the  junction  of  the  Granite  and 
Killas  Rocks  of  Cornwall.  By  Messrs. 
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— Phil.  Mag.  and  Annals  of  Philo- 
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1829.  Some  Remarks  on  Mineral  Veins. 
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1829.  A  Summary  of  Kxperiments  recently 
made  on  the  Temperature  of  Mines. 
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1830.  On  the  Electro-magnetic  Properties  of 

Metalliferous  Veins  in  the  Mines  of 
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(The  facts  noticed  relate  to  Corn- 
wall.) 
1831.  Notice  of  a  Geological  Survey  of  the 
Mines    of   Cornwall;  with  a  Pro- 
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Henry  Boa»e.  Ri-ad  October,  1830 
and  1831.    p.  166. 
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talliferous Veins;  delivered  at  the 
Penzance  Institution.  By  W.  J* 
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CHAPTER  I. 


SKBTCH  OF  THE   PHYSICAL    FEATURES   OF   OOKNWALL,   DEVON, 
AND   WEST   SOMERSET. 

Thjb  physical  features  of  a  country,  comprising  its  varied  form 
as  regards  the  different  heights  of  its  component  parts  above  any 
given  level,  such  as  that  of  the  sea,  the  connexion  of  such  com* 
ponent  parts  with  each  other,  the  character  and  direction  of  its 
valleys,  and  the  other  general  conditions  of  its  surface,  usually  so 
termed,  being  the  present  state  to  which  a  given  portion  of  the 
earth's  surface  has  been  brought  by  the  varied  and  successive  geo- 
logical changes  that  have  occurred  upon  it,  a  notice  of  such 
physical  features  would,  probably,  be  more  strictly  in  place  if  it 
followed  rather  than  preceded  any  account  of  the  geological  events 
which  have  produced  them.  It  has,  however,  been  found  so  conve- 
nient to  make  the  physical  features  of  a  district  generally  under- 
stood, before  any  detail  of  its  geological  structure  is  attempted, 
that  we  have  considered  it  better  to  conform  to,  than  deviate  from, 
a  plan  which  possesses  many  advantages,  more  particularly  that 
of  impressing  upon  the  memory  the  positions  of  the  more  im- 
portant elevated  lands  relatively  to  each  other,  and  the  general 
relief  of  the  whole  surface. 

The  district  under  consideration  comprises  Cornwall,  Devon,  a 
large  portion  of  Western  Somerset,  and  a  small  part  of  Dorset- 
shire adjoining  Devon.  It  is  represented,  with  the  exception  of 
the  Scilly  Islands,  in  the  sheets  from  Nos.  20  to  33,  both  inclu- 
me,  of  the  Ordnance  Survey  of  Great  Britaini  as  will  be  seen  by 
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reference  to  the  accompanying  index  map  (plate  1).  It  embraces 
an  area  of  about  4,712  square  miles;  the  whole  (with  the  exception 
of  about  100  square  miles)  being  occupied  by  uneven  or  hilly 
ground. 

A  glance  at  these  Ordnance  Maps  will  show  that  the  principal 
high  lands  do  not  form  any  continuous  system  or  range  of  hills, 
but  are  distributed  in  patches  in  different  places. 

The  Quantock  Hills  have  somewhat  of  an  elliptical  form,  the 
major  axis  being  in  a  direction  about  south-east  and  north-west, 
the  principal  heights  ranging  from  1,000  to  1,100  feet  above  the 
level  of  the  sea,  and  attaining  an  elevation  of  1,270  feet  at  Wills 
Neck  Hill. 

Exmoor.  with  that  part  of  the  adjoining  country  which  forms  a 
portion  of  the  same  mass  of  elevated  land,  extends  from  the  valley 
of  Stogumber  and  Crowcombe,  separating  it  from  the  Quantock 
Hills  on  the  east,  to  the  Hangman  Hills,  on  the  Bristol  Channel, 
near  Combe  Martin  on  the  west.  Near  the  latter  place,  this  high 
land  forms  a  point,  whence  it  sweeps  to  the  south-east  by  a  curved 
^•ine  passing  by  Paracombe,  Chapman  Barrows,  Span  Headj  and 
North  Mollon  Ridge.  Its  southern  boundary  ranges  from  thence* 
by  Mollond  Down,  Dulverton  Common,  and  Haddon  Down,  to 
Heydon  Down,  and  Main  Down,  near  Wiveliscombe,  whence  the 
high  land  trends  away  to  the  Stogumber  and  Crowcombe  valley 
above  noticed,  part  of  which  so  rises  between  the  Exmoor  mass 
of  high  land  and  the  Quantock  Hills  as  to  throw  the  drainage 
waters  in  opposite  directions.  The  highest  portion  of  this  elevated 
land  is  Dunkery  Beacon,  on  the  south  of  Porlock,  which  rises  to 
the  height  of  1,668  feet  above  the  level  of  the  sea.  On  the  west. 
Chapman  Barrows  attain  an  approximative  height  of  1,540  feet,* 
and  Span  Head,  east -north-east  from  High  Bray,  a  height  of  1,610 
feet  (a)  above  the  same  level.  Along  the  southern  boundary,  the 
southern  end  of  North  Molton  Ridge  rises  to  an  elevation  of  1,413 
feet  (a)  above  the  sea,  and  Haddon  Hill,  on  the  east  of  Dulverton, 
to  1,140  feet  (a).     The  hills  and  cliffs  bordering  the  Bristol 

*  By  approximative  heights,  those  are  to  be  understood  which  have  not  been  taken 
with  large  instruments,  but  with  ordinary  sized  theodolites,  or  having  been  taken 
with  Urge  instruments  there  was  something  uncertain  in  the  observations,  arising 
either  from  the  state  of  the  atmosphere,  or  other  disturbing  cause,  which  prcTented 
great  accuracy.  The  approximative  heights  will  be  marked  (a)  in  the  text,  and  maj 
generally  be  considered  as  approaching  to  the  truth  within  a  few  feet,  more  particu- 
larly for  the  imaller  heights. 
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Channel^  and  constituting  a  portion  of  the  general  Exmoor  high- 
land from  Minehead  to  Combe  Martin,  attain  somewhat  corre- 
sponding heights,  forming  a  coast  remarkable  for  its  general  ele 
vadon  and  the  sub-alpine  character  of  some  of  its  valleys,  as,  for 
example,  those  near  Linton.  North  Hill,  on  the  coast  near 
Minehead,  attains  a  height  of  1,059  feet,  according  to  the  Admi* 
ralty  Charts,  by  Captain  Denham,  R.N.,  and,  following  the  same 
authority,  Culborne  Hill,  near  Porlock,  is  1,211  feet;  Hall  Hill, 
Countesbury,  near  Linton,  1,145  feet;  the  hill  on  the  west  of 
Trentishoe  Barrow,  1,187  feet;  and  the  Great  Hangman  Hill, 
near  Combe  Martin,  1,083  feet  above  the  level  of  the  sea. 

On  the  south-east  of  Exmoor,  the  Blackdown  Hills  rise  above 
the  fertile  vale  of  Taunton  on  their  north,  and  the  rich  lands  of  the 
vale  of  Collumpton  on  the  west.    They  cannot  be  said  to  form  a 
range  of  hills,  but  rather  an  elevated  table-land  cut  into,  more 
particularly  on  the  west  and  south,  by  deep  valleys,  which  thus 
divide  it  into  several  long  lines  chiefly  running  to  the  west,  south- 
west, and  south.    The  longest  continuous  line  of  this  kind  is  that 
which  extends  from  Staple  Hill  on  the  north,  and  runs  about 
seventeen  mfles  by  Brown  Down,  Birch  Hill,  the  hill  forming  the 
left  side  of  the  valley  of  the  Otter  to  Honiton,  Faraway  Hill,  on 
the  west  of  Northleigh,  Gittisham  Hill,  and  the  hill  on  the  east  of 
Ottery  St.  Mary,  to  Beacon  Hill  above  Harpford  on  the  Otter. 
A  depression  here  takes  place  for  about  three  quarters  of  a  mile, 
after  which  Peake  Hill  and  High  Peak,  near  Sidmouth,  continue 
the  line  to  the  sea  for  about  two  miles  and  a  quarter,  so  that^ 
including  the  depression^  which  is  itself  upon  high  ground,  this 
line  of  bigh  land  extends  about  twenty  miles,  varying  in  elevation 
from  about  600  to  750  feet.    The  whole  of  the  high  land  between 
Sidmouth  and  Lyme  Regis,  and  thence  for  some  distance  in  the 
direction  of  Golden  Cap  Hill,  beyond  the  limits  of  the  district 
under  consideration,  forms  both  geographically  and  geologically, 
a  portion  of  the  Black  Down  system  of  hills,  though  not  usually 
included  in  it. 

The  principal  rivers  occupying  the  valleys  scooped  out  of  this 
elevated  land  are  the  Culm,  the  Otter,  and  the  Axe,  with  their 
tributaries.  The  cUfis  on  the  coast  from  the  vicinity  of  Sidmouth 
to  Charmouth  vary  from  400  to  600  feet  in  height,  Charlton  Com- 
mon, between  Lyme  Regis  and  Axmouth,  being  582  feet  above  the 
level  of  the  sea.     The  aspect  of  the  higher  portion  of  these  hills 
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is  somewhat  uniform^  consisting  of  a  sharp  slope  of  25°  or  3(y^  for 
about  a  third  of  the  height  from  the  summit  downwards^  after 
which  the  slope  becomes  more  gentle.  Bold  promontories  and 
isolated  portions  at  the  termination  of  the  lines  of  elevated  land 
have,  from  their  commanding  positions,  been  seized  upon  at 
different  periods  for  military  purposes,  and  the  remains  of  ancient 
earth-works  or  camps  are  seen  in  various  directions,  among  which 
^ay  be  noticed  Castle  Neroche,  rising  above  Curland,  Membury 
Castle,  Musbury  Castle,  Hawksdown  near  Axmouth,  Sidbury 
.Hill  near  Sidmouth,  Dumpdon  (879  feet  above  the  sea)  on  the 
north  of  Honiton,  and  Hembury  Castle  near  Broadhembury. 

On  the  south-west  of  Exmoor,  and  distant  from  it  about  twenty- 
six  miles,  rises  the  high  land  of  Dartmoor.  This  elevated  mass 
of  land  is  of  an  irregular  form,  broken  into  numerous  minor  hills, 
many  crowned  by  groups  of  picturesque  rocks,  provincially  termed 
Tors,  and  for  the  most  part  presenting  a  wild  mixture  of  heath, 
bog,  rock,  and  rapid  streams.  The  highest  part  of  Dartmoor  is 
on  the  north,  where  Yes  Tor,  apparently  its  most  elevated  point, 
rises  2,050  feet  (a)  above  the  sea.  The  summit  of  Amicombe 
Hill,  on  the  north-west  part  of  the  moor,  attains  an  elevation  of 
2,000  feet  (a),  and  Fur  Tor,  south-south-east  from  it,  rises  to  about 
the  same  height.  The  height  of  Cawsand  Beacon,  on  the  north 
of  Dartmoor,  one  of  the  stations  of  the  great  triangulation,  on 
which  the  Ordnance  Maps  are  based,  is  1,792  feet  above  the  sea ; 
and  Newlake  Hill,  four  miles  to  the  south  of  it,  has  an  elevation 
.of  about  1,925  feet  (a).  On  the  west.  Cock's  Tor,  near  Tavistock, 
rises  to  the  height  of  1,472  feet  (a),  and  Great  Mis  Tor,  a  short 
distance  to  the  east  of  it,  to  1760  feet  (a).*  On  the  south.  Pen 
Beacon,  above  Cornwood,  attains  an  elevation  of  1,470  feet  (o), 
and  Shell  Top,  one  mile  behind  it,  one  of  1,600  feet  (a). 

From  Butterton  Hill,  1,203  feet  above  the  sea,  to  Cawsand 
Beacon,  on  the  north,  a  distance  of  about  twenty- two  miles,  the 
higher  lands  gradually  attain  an  elevation  of  1,510  feet  (a)  at 
Three  Barrow  Tor,  and  of  1,785  feet  (a)  at  Peter  s  Stone,  on 
Holne  Ridge,  after  which  the  higher  points  seem  to  keep  an  ele- 

*  The  western  frontier  of  Dartmoor  has  its  otherwise  abrupt  character  in  a  great 
measure  relieved  by  Black  Down  (1,160  feet)  and  Heathfield,  on  the  north  of 
Tavistock,  and  by  Roborough  Down,  on  the  south  of  the  same  town;  Brent  Tor 
(about  1,100  feet  a),  oa  Heathfield,  a  conspicuous  object  in  the  surrounding  country, 
carrying  the  attention  from  the  main  mass  of  tors  which  range  along  the  skirts  of 
the  moor. 
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Tation  varying  from  1,700  to  1,900  feet.  Rippon  Tor,  one  of 
the  frontier  tors  on  the  east  side  of  the  moor,  is  1,549  feet  above 
the  sea. 

Although  both  geographically  and  geologically,  the  elevated 
land  which  extends  eastward  from  Cawsand  Beacon  to  Cranbrook 
Castle,  Buttem  Down,  and  Mardon  Down,  near  Moreton  Ham- 
stead,  ranging  thence  round  by  Bridford  and  Hennock,  to  High,  or' 
Hey  Tor,  forms  part  of  Dartmoor,  the  main  high  land  of  the 
moor  is  bounded  on  the  east  by  a  h'ne  passing  from  Cawsand 
Beacon,  by  Castor  Rock,  Thomworthy  Tor,  Shapeley  Common, 
King  Tor,  Hamilton  Tor  (1,738  feet  a),  and  Hamilton  Beacon 
(on  the  north  of  Withycombe  on  the  Moor),  Honey  Bag  Tor 
(near  the  same  place),  and  Leign  Tor,  to  High,  or  Hey  Tor^  and 
Rippon  Tor. 

Dartmoor  is  the  parent  of  numerous  streams  which  water  a 
large  portion  of  Devon,  giving  birth  to  several  which  constitute 
some  of  its  principal  rivers,  such  as  the  east  and  west  Okements^ 
the  Taw  with  several  of  its  tributary  streams,  the  Dart  with 
many  of  its  tributaries,  the  Avon  or  Aune,  the  Erme,  the  Yealm, 
the  Plyra,  the  Wallcombe,  and  Tavy.* 

On  the  east  of  Dartmoor,  and  separated  from  it  by  the  valley 
of  the  Teign,  are  the  Haldon  Hills,  high  land  of  the  same  class 
as  the  Black  Down  Hills,  ranging  in  a  direction  about  eight  miles 
in  a  north-north-west  and  south-south-east  direction,  and  having 
a  nearly  uniform  elevation,  with  the  exception  of  the  depression 
between  the  portions  named  Great  and  Little  Haldon.  The  tri- 
gonometrical survey  station  on  the  latter  is  818  feet  above  the  sea. 

On  the  south-south-east  and  south-east  of  Dartmoor,  the 
country,  though  hilly,  is  of  moderate  elevation,  the  most  marked 
high  land  being  Black  Down,  on  the  west  of  Modbury,  and 
^!orleigh  Downs,  above  Morleigh,  until  we  arrive  at  that  portion 
of  the  South  Hams,  as  this  part  of  Devonshire  is  named,  of  which 
the  coast  of  the  Bolt  Tail,  Bolt  Head,  the  Prawle,  and  the  Start 
Point,  forms  a  part,  and  also  the  most  southern  land  in  Devonshire. 
The  Bolt  Head  rises  only  430  feet  above  the  sea,  though  its  bold 
outline  generally  impresses  the  spectator  with  the  belief  that  it 
attains  a  much  greater  elevation. 

On  the  south-west  of  Dartmoor,  Plymouth  Sound  and  its  con- 

^  The  valleys  of  many  of  these  rivers,  particularly  where  they  enter  the  moor, 
pretent  a  happy  mixture  of  rock,  wood,  and  water,  wtll  deserving  the  attention  of 
the  aitift  and  lover  of  the  picture«<iue» 
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tinuation  up  the  Tamar,  constitute  marked  portions  of  the  physical 
features  of  the  country.  Maker  Heights,  on  the  west  of  the 
Sound,  attain  an  elevation  of  402  feet,  but  generally  the  shores  of 
the  Sound  and  the  banks  of  the  Tamar,  and  of  its  tributaries^  for 
several  miles  to  the  northward*  are  of  much  less  height.  At 
Morwell  Rocks  and  New  Bridge,  about  three  miles  from  Tavis- 
tock, the  Tamar  cuts  through  high  land,  the  most  elevated  part 
of  which  is  Kit  Hill,  the  western  portion  of  Hingston  Down,  rising 
1,067  feet  above  the  sea,  which  flows  up  to  Morwell  Rocks,  This 
bill,  being  much  higher  than  the  surrounding  country,  forms  a 
conspicuous  object  in  it,  and  from  its  insular  character^  is  visible 
for  considerable  distances. 

About  sixteen  miles  to  the  west  of  Dartmoor,  we  find  another 
tract  of  country  of  a  similar  general  character  to  it,  though  the 
constituent  features  are  not  often  so  strongly  marked.  Like 
Dartmoor,  this  land  rises  conspicuously  above  the  surrounding 
country,  more  particularly  on  the  east,  the  two  most  prominent 
and  elevated  heights  being  those  of  Brown  Willy  and  Rough  Tor, 
near  Camelford,  the  former  being  1,368  feet,  and  the  latter  1,296 
feet  (a)  above  the  sea.  Trewartha  Tor,  Sharp  Point  Tor,  and 
Caradon  Hill,  skirting  this  tract  of  country  on  the  east,  are  re- 
spectively 1,050,  1,200,  and  1,208  feet  above  the  sea,  the  two 
former  being  approximative  heights,  and  the  last  that  of  the 
trigonometrical  survey  station,  obtained  with  great  care.  On  its 
western  side  we  find  St.  Breward  Hill,  727  feet  (a)  \  Carbilley 
Tor,  860  feet  (a) ;  Durford  Hill,  690  feet  (a) ;  Bellarmme  Tor, 
884  feet  (a) ;  and  Cardinham  Bury,  840  feet  (a),  above  the  sea. 
Between  Cardinham  Bury  and  Caradon  Hill;  on  the  south,  are 
Carbarrow,  Goldmill  Barrows,  Bury  Down,  and  Mennaclew  Down, 
respectively  915,  883,  925,  and  1,124  feet  (a),  above  the  sea.  In 
the  interior.  Temple  Tor,  near  Temple,  and  Tober  Tor,  near  the 
Jamaica  Inn,  attain  respective  elevations  of  900  and  1,127  feet  (a). 
This  tract  of  elevated  land  does  not  terminate  abruptly  with 
Brown  Willy  and  Rough  Tor  on  the  north,  but  falls  gradually 
off  by  Davidston  Moor,  1,005  feet  (a),  whence  a  line  of  high  land 
extends  to  Titch  Beacon,  1,010  feet  (a)  ;  Otterham  Hill,  758  feet 
(a)  ;  and  Tresparrett  Down,  843  feet  (a) ;  another  line  running 
to  Cadon  Barrow,  1,011  feet,  and  overlooking  the  lower  coast  of 
Tintagel  and  Bossiney. 

In  the  south-west  of  the  last-mentioned  boss  of  high  land,  and 
about  eleven  miles  from  it,  is  another  of  somewhat  less  elevation^ 

Digitized  by  VjOOQiC 


hbvoKj  anp  wissT  sombiiset,  7 

of  which  Hensbarrow  Hill  (1,034  feet)  forms  the  most  lofty  part* 
The  two  bosses  are,  to  a  certain  extent,  connected  by  the  Bodmin 
high  land,  and  the  elevated  downs  extending  to  the  Tregoss 
Moors  and  Roche.  Bodmin  Down^  on  the  south  of  the  town, 
attains  an  elevation  of  645  feet  above  the  sea.  Killivreth  Down^ 
on  the  west  of  Hensbarrow,  nearly  attains  the  height  of  the  latter, 
being  1,000  feet  (a)  above  the  sea«  This  boss  of  high  land  falls 
somewhat  gradually  to  the  north,  in  the  direction  of  the  Tregoss 
Moors,  above  which,  still  on  the  north,  rise  the  two  marked  and 
twin-like  hills  of  Castle  an  Dinas  (729  feet  a)  and  Belovely 
Beacon  (765  feet  a).  On  the  south,  the  land  after  throwing  out 
broad-lmcked  branches  to  St.  Stephen's  Beacon  (700  feet  a)^ 
Watch  HiU  (850  feet  a),  and  the  long  celebrated  Carclaze  Tin 
Mine  (665  feet  a),  falls  somewhat  suddenly  upon  the  lower  lands 
of  St  Stephen's  (296  feet  a)  and  St.  Austell.  The  valley  of  the 
Fai  cuts  through  part  of  this  elevated  land,  the  western  extre- 
mity of  which  is  formed  by  a  ridge  extending  from  Fatwork  Hill, 
which  rises  gradually  above  the  Tregoss  Moor,  near  the  Indian 
Queen,  to  Burthy  Hill  (607  feet  a),  Carliquoita  Hock,  a  remark* 
able  tor  upon  it,  attaining  an  elevation  of  690  feet  (a). 

On  the  north  of  the  Hensbarrow  boss  of  high  land  there  is  a 
range  of  hill  running  from  the  Camel  river  on  the  east,  to  the  sea 
on  the  west ;  also  forming  a  marked  feature  in  the  relief  of  this 
part  of  the  country.  This  range  is  highest  on  the  east,  where  at  the 
Great  Stone  (a  Druidical  remain)  on  St.  Breook's  Down,  it  attains 
an  deration  of  739  feet  (a)  above  the  sea.  Further  westward  on 
the  same  down,  it  falls  to  670  feet  (a)  at  the  barrow  near  Scotland 
Corner.  At  the  h'ne  of  ancient  barrows  on  Bogee  Downs,  the 
range  haa  fallen  to  567  feet  (a),  and  at  St.  £val  it  only  attains  a 
hdghtof326feet(a). 

About  fifteen  miles  from  the  Hensbarrow  high  land,  there  is 
another  boss  of  elevated  country,  in  which  Carn  Menelez  attains 
a  height  of  822  feet :  between  them  the  hiUs  vary  from  200  to  850 
feet  in  heigbu  Probus,  which  stands  conspicuously  upon  one  of 
these  hills,  is  305  feet  (a)  above  the  sea,  and  a  barrow  on  the  north 
of  New  Mill,  near  Ladock,  is  376  feet  (a),  upon  a  hill  which  seems 
to  rise  above  the  usual  average.  The  Carn  Menelez  boss  of  high 
land,  including  under  this  name  the  elevated  country  of  the 
surrounding  district,  falls  somewhat  gradually  towards  the  Fal- 
mouth estuary,  and  its  branches  on  the  eastward.  The  hill  above 
B^mihouse,  west  from  Penryn,  is.  680  feet  (a)  above  the  sea,  and 
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the  plantations  near  Carnhingey,  are  500  feet  (a).  Cam  Brea  and 
Carn  Marth,  rising  amid  the  mines,  though  somewhat  separated 
from  the  main  mass  of  the  Carn  Menelez  boss,  may  still  be  con* 
sidered  to  form  a  portion  of  it.,  both  geographically  and  geolo* 
gically.  According  to  Mr.  Thomas,  the  former  rises  740  feet, 
and  the  latter  757  feet  above  high-water  mark  of  spring  tides  in 
the  Falmouth  estuary.  The  land  also  declines  somewhat  gra- 
dually on  the  south-east  and  south,  towards  the  sea  and  Gweek 
river.  At  Pelastine  rocks  near  Mabe,  it  has  a  height  of  70O 
feet  (a),  and  at  Budock,  near  Falmouth,  of  280  feet  (a).  At 
Constantino  it  falls  on  the  south  to  390  feet  (a). 

On  the  north  of  the  Carn  Menelez  district,  and  about  four  miles 
distant,  is  St.  Agnes  Beacon,  a  hill  of  no  great  elevation,  being 
only  621  feet  above  the  sea,  but  which  nevertheless  constitutes  a 
conspicuous  object  in  the  country,  from  its  position  on  the  coast, 
and  from  its  isolated  situation,  rising  above  the  surrounding  land, 
which  may  have  a  general  elevation  of  300  and  400  feet.  On 
the  west-south-west  of  the  same  district,  and  separated  from  it  by 
land  of  about  200  and  250  feet  high,  are  Grodolphin  and  Tregon- 
ning  Hillsj  properly  perhaps  forming  two  of  the  more  elevated 
parts  of  the  same  hill,  and  conspicuous  objects,  more  particularly 
when  viewed  from  the  west\yard,  the  first  being  495  feet  (a),  and 
the  latter  596  feet  (a)  above  the  sea. 

On  the  south  of  the  Gweek  river  there  is  an  extensive  tract  of 
country,  generally  known  as  the  Lizard  district^  from  the  Lizard 
Point,  which  forms  its  southern  extremity,  and,  at  the  same  time, 
the  most  southern  land  of  Great  Britain.  When  seen  from  the 
east  or  the  west,  the  general  appearance  of  this  land  has  a. tabular 
character  with  a  slight  fall  to  the  south,  one  which  is  in  a  great 
measure  borne  out  by  closer  examination,  for  though  cut  occa* 
sionally  into  valleys,  the  higher  lands  do  not  vary  much  in  eleva- 
tion, and  are  generally  more  raised  above  the  sea  on  the  norths 
as  at  Dry  Tree,  on  Goonhilly  Downs  (367  feet  a),  and  Roscreage 
Beacon  (380  feet  a)  near  St.  Keverne,  than  at  Grade  (250  feet  a), 
and  the  Lizard  Town  (236  feet  a)  on  the  south. 

The  Land's  End  high  land  is  separated  from  that  of  the  Cam 
Menelez  district  by  country  which,  on  the  east  of  the  Hayle  river, 
varies  generally  from  200  to  300  feet  in  elevation.  The  Hayle 
river,  and  its  tributary  stream  from  Germoe,  nearly  cut  this  part 
of  Cornwall  across  from  the  Bristol  to  the  English  Channels. 
Between  the  sea  in  Mount's  Bay  and  the  tidal  water  in  the  Hayle 
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river,  the  land  is  of  very  moderate  height,  probably  not  above 
100  feet  At  Wheal  Fortutie  it  is  only  90  feet  (a).  Even  at  St. 
Hilary  on  the  higher  ground  separating  the  Hayle  river^  near 
Tregember^  from  the  sea  in  Mount's  Bay^  the  elevation  is  only 
190  feet  (a). 

The  country  of  the  Land's  End  district  is  less  elevated  than 
that  of  Cam  Menelez ;  its  highest  part  is  the  hill  on  the  north- 
west of  Towednack,  which  rises  805  feet  above  the  sea.  The 
other  principal  and  elevated  features  of  this  district  are  Chapel 
Cam  Brea  (640  feet  a)  on  the  north-east  of  the  Land's  End,  Car- 
nidjack  (640  feet  a),  Trannock  Downs,  near  Sancreed  (660  feet  a), 
Castle  an  Dinas  (735  feet  a),  and  Trerobben  Hill  (652  feet  a) 
near  Lelant. 

From  this  sketch  of  the  relative  positions  of  the  tracts  of  coun- 
try which  stand  out  most  prominently  amid  the  general  irregu- 
larities of  Cornwall,  Devon,  and  West  Somerset,  it  will  be  ob- 
served that  Dartmoor  is  the  highest  mass,  and  Exmoor  somewhat 
inferior  in  elevation,  while  the  Black  Downs  do  not  attain  more 
than  about  half  their  height.  It  will  also  be  seen  that  the 
diflferent  bosses  of  elevated  land  which  occur  between  Dartmoor 
and  the  Land's  End,  somewhat  gradually  decrease  in  elevation, 
so  that  the  higher  parts  of  the  Land's  End  district  are  not  above 
half  the  elevation  of  those^  in  Dartmoor,  and  consequently  are 
about  equal  to  those  in  the  Black  Down  Hills. 

The  SciUy  Islands,  formed  of  a  multitude  of  rocks  and  small 
islands,  may  be  compared  to  Dartmoor,  sunk  to  such  a  level  that 
the  sea  should  run  among  its  tors  and  more  elevated  masses  of 
land,  thus  keeping  a  large  portion  of  the  tors  above  the  sea-level^ 
forming  the  smaller  masses  usually  termed  rocks,  while  the 
larger  and  more  extended  masses  would  constitute  islands  of  va- 
rious sizes.  St.  Mary's  is  the  largest  of  these  islands  and  is  of 
moderate  elevation. 

While  on  the  subject  of  the  heights  in  this  district  above  the 
level  of  the  sea,  it  may  be  useful  to  observe  that  those  whose 
attortion  has  been  directed  to  the  subject  of  heights  of  land  above 
tidal  seas  are  by  no  means  agreed  as  to  the  time  of  tide  which 
would  best  afford  a  level  whence  to  obtain  them.  In  this  district, 
the  north  and  south  coasts  are  under  very  different  conditions  as 
to  tidal  levels  at  the  time  of  high  tide.  On  the  north,  from  the 
form  of  the  Bristol  Channel,  the  tidal  wave  on  the  flood  is  so  driven 
into  a  gradually  diminiahiog  channel,  both  as  regards  depth  and 
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breadth^  that  high-water  mark  at  Cape  Cornwall  is  beneath  the 
level  of  high-water  mark  at  Chepstow  and  Bristol^  and  conse* 
quently  intermediate  heights  on  landj  if  calculated  from  high 
water  at  the  two  ends  of  the  Channel^  would  not  agree.  On  the 
south  coasts  from  its  oceanic  character^  levels  are  probably  more 
even  at  high  water;  but  a  glance  at  Mr.  Whewell's  valuable 
chart  of  the  variable  range  of  tides  round  the  British  islands  will 
show  that  this  coast  only  forms  a  portion  of  the  general  variations 
in  the  height  of  the  tide  observed  among  these  islands ;  *  and  it  will 
be  obviousj  from  the  different  conditions  of  the  tidal  waters  on  the 
south  and  north  coast  of  the  district  under  consideration,  that 
heights  taken  from  high  water  on  one  coast  would  not  coincide 
with  those  taken  from  high  water  on  the  other. 

It  has  been  generally  considered  that  low  water  is  the  best 
time  of  tide  to  take  as  a  level  whence  to  calculate  heights  on  land, 
it  being  supposed  that  the  sea  is  then  more  equally  distributed 
amid  shoals  and  along  shores  than  when  driven  over  the  former, 
or  along  the  latter,  by  the  force  of  a  flood-tide,  or  during  the  run 
of  the  ebb  ;  and  consequently  heights  on  land,  surrounded  by  tidal 
seas,  are  generally  computed  from  low-water  mark. 

Of  late,  chiefly  in  consequence  of  the  observations  of  Mr. 
Walker,  Assistant-Master  Attendant  in  her  Majesty's  Dock-yard, 
Devonport,  and  of  Captain  Denham,  R.N.,  much  attention  has 
been  called  to  the  subject  of  half-tide  as  being  the  level  of  least 
variation  on  tidal  coasts,  inasmuch  as  in  the  same  place  the 
high  water  of  any  tide  rises  as  much  above  the  line  of  half- 
tide  as  low  water  falls  beneath  it.  It  has,  therefore,  been  sup- 
posed that  the  half-tide  levels  along  the  coast  would  coincide  with 
each  other,  due  precaution  being  taken  not  to  include  those  estuary 
tides  among  them,  where  low-water  mark  on  the  sea  coast  is  often 
considerably  under  the  low- water  level  in  such  situations,  the 
waters  running  out  on  the  inclined  surface  of  the  bottom,  in  the 
manner  of  a  common  inland  river.  The  greater  portion  of  the 
Bristol  Channel  would  probably  be  considered  merely  as  an  estu- 
ary, the  ebb  running  out  in  the  manner  of  a  river  over  its  bottom. 

In  his  researches  on  tides,  Mr.  Whewell  has  noticed  that  the 
mean  heights  of  the  sea  at  Singapore  and  Plymouth  are  nearly 
constant,!  and  we  understand  that  by  tidal  observations  made 
under  his  direction  at  the  extremities  of  the  line  levelled,  at  the 

*  Philosophical  Transactions,  1836,  pi.  xtr. 
t  FbiUwopliicsl  Zhnaactions,  1837,  p.  83» 
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diarge  of  tbe  British  Assodation  for  the  Advancement  of  Science^ 
between  the  English  and  Bristol  Channels,  it  has  been  ascertained 
that  the  level  of  mean  tide  at  both  ends  of  the  line  is  the  same 
within  a  small  fractional  part  of  an  inch. 

Mr.  Walkerj  who  has  long  devoted  much  time  to  tidal  pheno* 
meoa,  considering  that  half-tide  levels  on  oceanic  shore8>  such  as  a 
large  part  of  those  of  Cornwall  and  Devon  may  be  regarded, 
give  the  equilibrium  level  of  the  sea,  proposes  a  simple  method — 
given  in  the  note  beneath  * — for  readily  obtaining  it,  which,  what- 
ever opinion  may  be  entertained  of  the  general  value  of  half-tide 
levels,  affords  very  considerable  facility  in  ascertaining  that  level 
at  any  given  place- 
Mr.  Walker  has  observedj  with  respect  to  the  influence  of  the 
pressure  of  the  atmosphere  upon  the  tidal  waters  on  the  shores  of 
Coroirall  and  Devon,  that  a  fall  of  one  inch  of  the  mercury  in  the 
barometer  corresponds  with  a  rise  of  sixteen  inches  in  the  level 
of  the  sea,  more  than  would  otherwise  happen  at  the  same  time^ 
under  the  other  general  conditions;  a  rise  in  the  barometer  of 
one  inch  marking  a  corresponding  fall  in  the  sea-level  of  sixteen 
inches.  This  be  has  found  to  be  the  usual  rate  of  such  altera- 
tions in  lovel ;  but  very  sudden  changes  in  the  pressure  of  the 
atmosphere  are  accompanied  by  elevations  and  depressions  equal 
to  twenty  inches  of  sea-water  for  one  inch  of  mercury  in  the  baro- 
meter. Regarding  the  whole  pressure  of  the  atmosphere  over  the 
gbbe  as  a  constant  quantity,  all  local  changes  in  its  weight 
merely  transfer  a  part  of  the  whole  pressure  from  one  place  to 
another ;  and  hence  he  concludes  that  the  subjacent  water  only 
flows  into*  or  is  displaced  from^  those  areas,  where,  for  the  time, 
the  atmospheric  pressure  is  either  less  or  greater  than  its  mean 
state,  in  accordance  with  the  laws  which  would  govern  the  condi- 
tion of  two  fluids  situated  in  the  manner  of  the  atmosphere  and 
sea-i*  We  might  account  for  the  difference  observed  by  Mr, 
Walker,  in  the  amount  of  depression  or  elevation  of  sea-level  pro- 

*  "  When  tlie  barometer  standi  at  its  mean  annual  height,  and  the  air  is  calm 
and  still,  wi  up  a  tide-pole  (or  select  a  rock)  in  some  sheltered  comer  on  the  coast. 
Mark  upon  it  thfi  low  and  high-water  levels,  and  half  way  between  these  points  will 
be  tend  the  mean  lavel  of  the  sea.  Under  the  above  conditions  a  single  observa- 
fisa  wiU  give  the  mean  level  v«ry  mtwrijfi  but  numerous  observations  are  necessary 
whtD  gnet  accuiacy  is  required." — ^Walker's  MSS.  Mr,  Walker  most  obligingly 
fwnwiinicaled  his  notes  to  osy  to  be  used  in  any  way  which  might  appear  best  calcu- 
bled  to  pionaote  the  progress  of  science. 

t  WaUwr,  MSS. 
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duced  by  sudden  changes  in  atmospheric  pressure^  by  considenn^^ 
that  a  sudden  impulse  given  to  the  particles  of  water,  either  by 
suddenly-increased  or  diminished  weight  in  the  atmosphere, 
would  cause  a  perpendicular  rise  or  fall  in  the  manner  of  a  wave 
beyond  the  height  or  depth  strictly  due  to  the  mere  change  of 
weight  itself.* 

As  regards  the  influence  of  the  winds  on  the  mean  level  upon  the 
south  coast  of  Cornwall  and  Devon,  Mr.  Walker  observes  that 
east  and  west  winds  scarcely  affect  it,  but  that  southerly  winds 
raise  the  sea  above  it  from  one  to  ten  inches,  and  off-shore  winds 
depress  the  water  beneath  it  as  much,  according  to  their  force. 
On  the  morning  of  the  29th  November,  1836,  when  the  velocity 
of  the  wind  was  estimated  at  about  one  hundred  feet  per  second, 
the  sea  at  Plymouth  was  raised  three  feet  six  and  a  half  inches 
above  the  mean  level,  the  greatest  height  above  the  equilibrium 
level  he  has  seen.  The  hurricane  began  at  S.W.,  and  the  bare* 
meter  was  very  low  j  therefore  this  great  increase  in  height  is  due 
both  to  the  wind  and  diminished  atmospheric  pressure.  A  gale 
of  wind  from  the  southward,  a  low  barometer,  and  a  high  spring- 
tide concurring,  cause  damage  and  inundations  on  the  southern 
coast  of  Cornwall  and  Devon.  From  the  form  of  the  Bristol 
Channel,  and  the  absence  of  a  free  passage  for  the  waters,  such  as 
exists  at  the  Straits  of  Dover,  in  the  English  Channel,  westerly 
winds  force  up  and  sustain  a  great  body  of  water,  thereby 
raising  the  sea  above  the  mean  level  several  feet.  It  appears 
from  an  account  of  the  great  storm  of  the  26th  November,  1703, 
that  the  tide  flowed  over  the  top  of  Chepstow  bridge,  inundating 
all  the  low  lands  on  both  sides  of  the  Severn,  washing  away  farm* 

*  A  circumstance  connected  with  this  subject,  of  connderable  practical  value,  baa 
been  noticed  by  Mr.  Walker  during  his  long-continued  observations.  He  has  found 
that  changes  in  the  height  of  the  water*s  surface,  resulting  from  changes  in  the 
pressure  of  the  atmosphere,  are  often  noticed  on  a  good  tide-gauge  before  the  baro- 
meter g^Tes  notice  of  any  change.  Perhaps  something  may  be  due  in  these  cases 
obseryed  by  Mr.  Walker  to  the  friction  of  the  mercury  in  the  barometer-tube,  as  it  is 
well  known  that  in  taking  careful  barometrical  observations  it  is  necessary  to  tap 
the  instrument  frequently  and  carefully,  to  obtain  the  measure  of  the  true  weight  of 
the  atmosphere  at  a  given  time  and  place.  The  practical  value  of  the  observation  is, 
however,  not  the  less,  be  the  cause  of  the  phenomenon  what  it  may ;  for  if  tide- 
j*auges  at  important  dock-yards  show  that  a  sudden  change  of  sea-level  has  taken 
place,  indicative  of  suddenly-decreased  atmospheric  weight,  before  the  barometer 
has  given  notice  of  the  same  change,  all  that  time  which  elapses  between  the  notices 
given  by  the  tide-gauge  and  barometer  is  so  much  gained ;  and  those  engaged  with 
shipping  know  the  value  of  even  a  few  minutes  before  the  burst  of  an  approaching 
hurricane. 

Digitized  by  VjOOQIC 


DSVON,  AND  WBST  SOMERSET.  13 

yards,  drowning  cattle,  &c. ;  and  it  is  worthy  of  remark  that  the 
barometer  is  recorded  to  have  then  fallen  lower  than  had  ever 
been  previously  noticed.* 

It  will  be  obvious  that  while  in  a  hurricane,  such  as  that  of  No- 
vember, 1836,  noticed  by  Mr.  Walker,  the  level  of  the  sea  was  raised 
on  the  south  coast  of  Cornwall  and  Devon  ;  it  was  also  depressed 
on  the  north  coast  of  those  counties ;  so  that  the  difference  in 
the  sea  level  on  the  two  coasts  thus  caused  would  be  the  sum  of 
the  elevation  and  depression  produced  on  each  coast  respectively. 
It  will  also  be  obvious,  from  the  form  of  the  Bristol  Channel, 
that  the  sea-level  on  the  two  coasts  will  not  be  the  same  with 
westerly  winds,  and  the  difference  will  be  in  proportion  to  the  force 
of  such  winds.  With  easterly  winds  also  this  level  will  be 
disturbed ;  for  while  such  winds  act  as  an  off-shore  wind  in  the 
Bristol  Channel,  forcing  the  waters  outwards,  on  the  south  coasts  of 
CbmwalJ  and  Devon  there  will  be  little  or  no  effect  produced  from 
this  cause  (as  proved  by  the  observations  of  Mr.  Walker),  because 
there  is  a  supply  of  waters  from  the  eastward.  It  would,  there- 
fore, appear  that  around  the  shores  of  the  district  under  considera- 
tion, when  the  winds  which  traverse  it  have  considerable  force,  the 
levels  which  would  obtain  in  calms  are  considerably  disturbed,  and 
consequently  minor  effects  of  the  same  kind  are  caused  by  less 
powerful  winds,  according  to  their  velocity.  To  obtain,  therefore, 
true  heights  in  this  district  above  the  sea,  which  should  correspond 
above  a  level  in  both  channels,  supposing  such  level  to  exist,  calm 
weather  is  essential  for  accuracy. 

The  following  tables  afford  a  more  extended  view  of  the  general 
relief  or  inequalities  of  the  district  than  has  been  above  attempted, 
and  it  is  hoped  that,  in  connexion  with  the  Ordnance  Maps  of  the 
same  district^  they  may  be  found  useful.  The  heights  in  the  first 
table,  obtained  with  every  care  by  the  officers  in  charge  of  the  tri- 
gonometrical survey,  during  the  progress  of  the  great  triangula- 
tion  for  that  national  work,  have  long  been  before  the  public.  The 
heights  in  tlie  second  table  are  now  first  given,  and  those  in  the 
third,  obtained  during  the  progress  of  the  geological  survey  in 
Cornwall,  are  also  new.  The  heights  in  the  fourth  table  are  from 
the  Admiralty  charts  of  the  British  Channel,  by  Captain  Denham, 
R.N, ;  and  those  in  the  fifth  are  selected  from  the  heights  given 
by  Mr.  Thomas,  in  the  memoir  accompanying  his  Geological  Map 

•  Walker'i  MSS. 


Digitized  by  VjOOQiC 


14 


PHTStOAt  FKATDRfid  OF  CORNWALL, 


m 


of  the  Mining  District  of  Camborne,  Redruth,  Gwennap,  &c 
Cornwall,  heights  which,  it  is  understood,  have  been  ascertained 
with  great  care. 

Heights  above  the  level  of  the  sea,  of  several  places  in  Cornwall, 
Devon,  and  West  Somerset. 


Heiffhii  obtained  m  the 

Feet 

Sennen  (Trigl.Station)Land*t  End, 
Cornwall        •         •  •         • 

St.  Buiyan        .... 

Pertlaney  Hill,  St.  Just      . 

Canuninnis  Hill,  N.W.  fromTow- 
ednack  •         •         •         • 

Can  BonelUs,  or  Meaelet,  near 
Stithians       •         •         •         • 

St.  Ag^ev'  Beacon,  St.  Agnes 

Deadman  Head,  near  MeYagisaev 


387 
415 
689 

805 

622 
621 
379 


Hensbarrow  Hill,  neai  St.  Austell  1034 

Trevose  Head  (Trisl.  Station)  .     274 

Bodmin  Down,  Bodmin      •  .645 

Cadon  Barrow,  near  Camelford  .   1011 

Brown  Willy,  near  Camelford  .  1368 

Caraton  Hill,  near  Liskeard  •   1208 

Bin  Down,  near  East  Looe  •     658 

Lansalloes,  near  Fowey       •  .514 


TViffOHomeirkai  Survejf, 

Kit  Hin,  near  Callinfftcn  •  .  1067 
St  Stephen's  Down,  Launceston  .  605 
Maker  Heights,  near  Plymouth, 

Deron 402 

Black  Down,  near  Tayistock  .1160 
Bolt  Head  .  •  .  .430 
Batterton  Hill,  Dartmoor  .  .1203 
Rippon  Tor,  Dartmoor  •  •  1549 
Cawsand  Beacon,  Dartmoor  •  1792 
Purland  Hill,  near  Dartmouth  •  589 
Little  Haldon  Hill,  near  TeigUr 

mouth 818 

Charlton    Common    (near  I>m« 

Regis)  ....     682 

Dumpdon  Hill,  near  Honiton  •  879 
Dunkery  Beacon,  near   Porlock, 

Somerset  ....  1668 
Wills  Neck  HiU,  Quantock  Hills    1270 

Approximative  keightt  m  Dewm,  pri$icipalitf  in  Dartmoor,  deduced  by  Mr,  M^Lauchian 
flvm  data  obtained  (hiring  the  Triffonometrieai  Survtjf, 

Yes  Tor,  near  Cawsand  Beacon  (4  miles  west) 2050 

Amicombe  Hill,  the  summit  (3  miles  east  of  Bridestow)       •         •        •  2000 

Newlake  Hill  (4  miles  south  of  Cawsand  Beacon) 1925 

Fur  Tor  (5  miles  east  of  Lidford) •  20OO 

Brent  Tor  (4  miles  north  of  Tayistock) 1100 

Morwell  Down  (3  miles  south  of  Tavistock) 715 

Cocks  Tor  (3  miles  N.E.  of  Tavistock) 1472 

Great  Mis  Tor  (5  miles  N.E.  of  Tavistock) 1760 

North  Hessary  Tor  (near  the  Prison  Barracks) 1730 

Pen  Beacon  (3  miles  east  of  Shaugh  Prior)         •         .         •         •         .  1470 

Shell  Top  (1  mile  north  of  Pen  Beacon) 1600 

Hill,  half  a  mile  north  of  Shell  Top 1650 

Hemerdon  Ball  (3  miles  N.E.  of  Pfympton) 810 

Three  Barrow  Tor  (2  miles  north  of  Butterton  Hill)     .         .         •         •  IMO 

Peter's  Stone,  Holne  Ridge  (6  miles  west  of  Ashbuxton)    ....  1785 

Hamilton  Down  (4  miles  N.W.  of  Rippon  Tor)            ....  1738 

Broadbury  Castle  (west  from  Okehampton)      .•••••  874 

Chapman  Barrows,  Exmoor  (east  from  Paracombe)      .         .         .         .  1540 
Barrows,  South  end  of  North  Molton  Ridge,  Exmoor        •         •         •         .1413 

Span  Head,  Exmoor  (Division  of  Devon  and  Somerset)         •         •         •  1610 

Jpproximaiwe  Htighte  in  Comwaiij  obtained  during  tki  QtohgieeU  Smvef  by  Mr* 

M'LauehUm  and  Mr.  StUl.* 

Ff^t. 
M.  Sawah,  between  Sennen  and  St.  Levan  (Land's-End  Distriet)  •  •  305 
M*    Trenthrennan,  near  St  Levan 311 

*  The  heights  observed  by  Mr.  M'LauchUm  are  preceded  by  M. ;  those  by  Mr. 
Still  by  S. 
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M.  HiH  dole  fo  St.  Lena,  n^hr  St'Bumn      •<••••  314 

K.  Hill  abov€  Mertben  Point,  near  St.  Buryan 254 

M.  Chaj^l'Canifirea,  N.£.  ftomSennen 640 

M.  Hiirbetween  T^giffiJn  and  Gorland,White43aiid  Bay,  Land's  End    •  246 

M.  lJecha,aboTe'Polpry  Point,  St.  Just 275 

H.  BnUovfaall,  neaar  Ca|^  Cordwiill 265 

M.  Ckin  oil  hill  lOtith  ttom  St.  Just  (Cam  Bosavern)          ;         •         .         •  472 

M.  Carnidjack,  near  St.  Just               640 

M.  CSsrn  on  the  north  of  Cartkidjack        •;•;•••  595 

M.  Beacon  Hill,  Saticreed •SSI 

8.  Trannaek  Dolrns,  near  Sancreed 660 

M.  Trvgumo  Hill,  oti  west  of  Lemoma  Cove,  near  Mousehole           .         .  247 

M.  Kimniel  Wartha  Hill,  above  Cdm  Du  Point,  near  Mousehole         .         .  375 

M.  Hiir  on  the  west  of  Paul,  near  Fe&zance 350 

8.  Madron;  near  Pensance 370 

S.  Hiir  near  Foresf  Cam;  N.W.  from  Madron       •         .         .         •         *  600 

&  Castle  an  Dinas,  N.K.  from  Penzance          ..;..•  735 

S.  TreA>bbrn' Hill,  S.W.  from  Lelant 550 

&  Trink  HUl,  west  from  Lelant 652 

&  lielant  Church  * 110 

S.  BaaeofKnilllMoiAiment,  near  St  Ives 545 

S.  St.  Micha^rs  Mount  '         ' 195 

S.  Maniion  Mines,  near  Marazion  .  .         .  •146 

&  Wheal  Fortune,  on  the  north  of  Marazion 90 

S.  St  Hilary               190 

&  Penberthy  Cross,  near  St.  Hilary 146 

SL  Hill,  half  mile  eastfrom  St  Krth                200 

S.  Wheal  AUred,  near  Hayle              210 

&  Hill  south  from  Wheal  Alfred 320 

a  No-Man's-Laod,  near'St  Erth 300 

S.  Pboleys         .......         4         ...  260 

8.  Wbeal  Herland,  near  Gwinear 236 

&  GwTnear  Church 240 

S.  Cbnner  Downs,  near  Gwinear 180 

S.  Binner  I>owns,  near  Clowance 240 

S.  Leeds  Town,  near  Binnet  Downs 250 

S.  Water  Course  at  Godulphin  Bridge 100 

S.  Great  Works liine,  near  Godolphin  Hill 215 

&  &)dolphin  Hill 495 

S.  Tregonning  Hill  (north  iide) 596 

S. :- (south  side) 578 

a  Caetfeon     .    .         .         .         •         •         .         .         •         •         •  250 

S.  Bi«age                300 

S.  SStbney,  near  Helston 230 

S.  Crowan  Beacon,  Crowan 850 

S.  Wendron,  near  Helston 400 

S.  Hill,  one  mile  west  from  Wendron 540 

S.  Cury.  south  from  Helston 250 

&  MuUion 285 

S.  Pradanack  Down,  Lizard  District 310 

8.  Winilmin,  near  Ruan  Major  Lizard 295 

8.  Gra^e,  Lizard 21^0 

S.  LiaardTown 236 

8.  Bafte  of  Lisard  Light  House 186 

8.  Roan  Minor,  Lizanl 205 

S.  Black  Head  Si^al  House,  Lizard 220 

8.  Cross  Roads  on  hill  north  from' CoYerack  CoTe         •         .         •         •  360 

•  Mr. 'Still,  by  independent  observations,  gives  this  hill  an  elevation  of  530  feet, 
so  thai  tbia  beigfat*probtfb]y  Is  not  far  from  the  troth. 
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8.  S{.Kev^me,J-«aT4         , 290 

8,  Dry  Trecj^Goonhilly  DownS;  Lizard «2^ 

8.  Kpscrea^  Beacon,  near  St.  Keveme          ••••••  ^J 

8.  Penjure  Hill,  Nare  Point,  near  Manaccan 203 

8.  Dennis  Head  Cainp,  St.  Anthony,  Helfurd  Riyer          *         *         *          *  onn 

8.  liawnan,  north  entrance  to  Helford  River 200 

8.  Constantine  .    *     .    " ??? 

8.  Me^doi 230 

8.  Hill  near  I'enrose  ..'•.••••••  ••  a 

S.  Biidock,  near  Falmoath 280 

8.  Pendennig  Castle  (entrance),  Falmouth 1^^ 

S.  -^ (signal  staff) 178 

8.  Pelastine  Rocks,  near  Mabe 700 

8.  Maen  Rock,  S.W.  from  Mabe ^90 

S.  Hill  above  Burnt  House,  west  from  Penryn 680 

8.  Plantations  near  Carnhinffey,  west  from  Penryn        .         •         •         •  500 

8.  Stithiaijs       .         .         .' 390 

M.  Carclew  Park,  east  from  House 266 

M.  Killaganoon,  between  Perran  Arworthal  and  Truro      .         •         .         .  335 

M.  Tregothnan^  near  Truro 314 

M,  Tolvom,  west  from  Philleiph 300 

M.  Tregear,  south  from  Philleigh        .•••••*  240 

M.  li|iU  above  St  Just,  Falmouth  Estuary 282 

M.  HiU  near  Bohortha,  between  St.  Mawes  Harbour  and  Porth  Mellin  Head  277 

M.  Trewince,  south  from  Gerran              .         .         .         .         I         .         •  207 

M.  Gerran 261 

M.  Came  3eacon,  near  Veryan 370 

M.  Utae  Head,  south  from  Very  an 338 

M.  Probus          . 305 

M.  J(>nkins  Barrow,  near  Mitchel,  or  St.  Michael           •         •         .        «  457 

M.  Cubert          .         ,         .         .         • 280 

M.  Penhale  Point,  near  Cubert «         •  217 

M.  Point  opposite  the  Chick,  west  from  Crantock          .         •         •         •  142 

M.  Point  on  fouth  of  entrance  into  the  Ganel,  Grantock    .          .         •         •  146 

M.  Pentire  Point,  north  of  entrance  into  the  Ganel      .           •         •         •  150 

M.  Tovan  Head,  near  New  Quay           ....•••  120 

M.  Look-out  Hiil,  on  north  of  New  Quay 165 

M.  Trevelga  Barrow,  near  St.  Columb  Minor 240 

M.  Castle  an  Dinas,  near  St.  Columb  Major •  729 

M.  Belovely  Beacon,  on  east  from  Castle  an  Dinas  .         «         •         •         •  765 

M.  Roche  Rock 680 

M.  St.  Dennis 674 

M.  Carlic^uoita  Rock,  on  east  from  St.  Enoder  (summit  of  hill)     '  .         •  690 

M.  St.  Enoder    .         • •  307 

M.  Near  Carvinack,  west  from  St.  Enoder 334 

M.  BarrowH-on-hill,  two  miles  north  from  Ladock    .         .         •         •         *  376 

M.  Buithy  HUl,  east  from  St.  Enoder 607 

If.  Hill,  east  from  Burthy  Hill,  and  north  from  Meledore           .         •         •  553 

M.  Hill  near  Trevascoe,  8. W.  from  St.  Dennis 534 

M.  St.  Dennis  Down,  S.E.  from  St.  Dennis 815 

M.  Killivreth  Down,  west  from  Hensbarrow 1000 

M.  Rosewalloo,  north  from  St.  Stephen's 495 

M.  St.  Stephen's  Beacon^  St.  Stephen's 700 

M.  St.  Stephen's 296 

M.  Watch  Hill,  west  from  St.  Stephen's  Beacon 850 

M.  Menacuddle,on  north  of  St.  Austell.      • 404 

M.  Carclaze  Mine,  on  north  of  St.  Austell 665 

M.  St.  MewanHill,N.E.  from  St.  Mewan,  near  St.  Austell      •         •         •  385 

M.  Mulvra  Hill,  south  from  St.  Austell 313 

M.  StickerDown,  S.W.fromSt.  Auiitell 364 

H.  Lodge,  north  entrance  to  Heligan,  near  Mevagtsiey     •        •        •        •  88Q 
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■*>  Foot. 

M.  The  Blac^'Qead,  north  of  Meyagissey  Bay 153 

31.  K.K.  comer  of  Penrice  Grounds,  near  St  A tutell         •         .         •         •  343 

M.  HiU  on  vest  of  Charlestown,  near  St.  Austell 254 

H.  Meithen  Hill,  near  Par  I^ier 310 

M.  HUl  on  &W.  from  St.  Blazey 364 

M.  HiU  above  Restinas^  near  St  Blazey 502 

M.  Prideauz  Warren,  near  St  Blazey 435 

M.  Hdmen  Tor,  souUi  from  Bodmin 087 

M.  Gfeaft  Stone,  St  Breock's  Down,  south  from  St  Breock     ...  739 

M.  Barrov  on  north  of  Scotland  Comer,  St.  Breock's  Down         •         .         •  670 

M.  Line  of  Barrows  on  Bogee  Downs,  west  from  St.  Breock's  Downs        •  567 

M.  St.Eval 326 

M.  Park  Pomt  Hill,  N.W.  from  St  fival 180 

M.  Ounrer  Head,  N.W.  from  Padstow 174 

M.  Base  of  the  Beacon,  Stepper  Point,  near  Padstow     .         •         •         .  227 

M.  Cant  ^ill,  east  from  Padstow,  Carmel  River 223 

M.  8t.  Minver  Windmill,  south  from  St.  Minver             ....  296 

M.  Bray  Hill,  on  west  above  St  Enodock,  Padstow  Harbour      .         .         .  209 

H.  Penttre  Point  Hill,  north  from  Padstow 2)6 

M«  Hill  one  nule  north  from  St  Minver 250 

M.  Kndellyon 417 

M.  Killan  Head,  N.W.  from  tUidellyon 209 

M.  Varfey  Head,  on  west  of  entrance  to  Port  Isaac        •         •         •         •  228 

M.  Si.Mabyn 295 

M.  Cardinham  Bury,  near  Cardinham 840 

M.  Carbarrow,  north  from  War leggon «  915 

U.  GoIdhiU  Barrows,  N.E.  from  VVarleggon 883 

M.  Bellarmine  Tor,  north  from  Cardinham 884 

M.  Greenbarrow,  west  from  Temple    .         • 374 

M.  Temple  Tor,  Temple         .                 900 

M.  Hill  above  Durfold,  east  from  Blisland 690 

M.  PeoTorder,  south  from  St  Breward              681 

M.  Carbilley  Tor,  N.W.  from  Temple  Tor 860 

M.  Hawks  Tor,  north  from  Temple  Tor 900 

M.  Brocka  Barrow,  N.E.  from  Temple  Tor 1000 

M.  HiU  above  St.  Breward 727 

H.  HUl  above  Lease,  east  from  St  Broward 911 

M.  Aithnr^s  Hall,  east  from  St  Broward 890 

M.  Garrah,  S.W.  from  Brown  Willy 1060 

M.  Alex's  Tor,  west  from  Garrah 940 

M*  Ifickaelstow  Beacon,  near  Michaelstow 684 

M.  Hill  one  mile  east  from  Michaelstow 762 

M.  Rough  Tor,  N.W.  from  Brown  Willy               1296 

M.  Hill  above  Puckwalls,£.SX  from  Camelford 830 

M.  Delameer  Down,  north  from  St  Teath 709 

H.  Davidstow  Moor,  above  Butterwell,  south  from  Davidstow    .         .  959 

M.  Comer  of  Dtividstow  Moor,  above  Penhale 1005 

3L  St  Kitfs,  west  from  Davidtftow 985 

M.  Titch  Beacon,  on  North  of  Davidstow 1010 

IL  Cross  Roads  ou  Hill,  west  from  Otterham 758 

M.  Fire-Beacon  Point,  north  from  Boscastle 492 

11.  Barrow,  near  Newton  Comer,  Tresparrot  Downs          •         •         .         .  843 

31.  High  Clifi^  north  from  Tresparret  Downs 735 

H.  HiU  above  Tvemootha,  St  Gennis <«         •  420 

M.  Caxnbeack  Point,  near  St  Gennis 333 

M.  St.  Gennis  HiU,  west  from  Church  .         ...  •         .431 

M.  QilTabove  East  Dazard,  north  from  St  Gennis         ....  541 

IL  Jacobstow  Beacon,  Jacobstow            ...••••  590 

M.  Hill  above  Millhooks  Saddle,  coast  near  Pounstock            ...  385 

M.  Cliffon  west  of  Wescot,  near  Moorwinstow 420 

M.    Littfrmouth  Hill,  north  from  Moorwinstow 404 

0 
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Pert. 

M.  Ancient  Gamp  Rbore  Warbstow 820 

M.  Near  Hallworthy,  Wilsey  Down,  west  from  Treneglots     •                  .  910 

M.  Brey  Down,  south  from  St.  Glether  «         •         •         •         .1125 

M.  Beacon  aboTe  Tresillon,  east  from  Brown  Willy                .         .         •  H74 

M.  Tober  Tor,  N.W.  from  the  Jamaica  Inn,  Bodmin  Moor           •         .       .  1 122 

M.  Dosmere  Pool,  SJS.E.  from  the  Jamaica  Inn             •         •         •         •  890 

M.  Trewartha  Tor,  westward  from  Hawks  Tor  (North  Hill)       .         .         .1050 

M.  Kilmar,  S.W.  from  North  Hill             1277 

M.  Sharp  Point  Tor,  south  from  Kilmar          , 1200 

M.  Newel  Tor,  west  from  Sharp  Point  Tor 1177 

M.  Brown  Gilly,  south  from  Dozmere  Pool  •         •         •         •         .1100 

M.  Bury  Down,  N.E.  from  St.  Neot             • 925 

M.  Carboul  Tor,  north  from  Bury  Down •  670 

M.  Drains  Down,  N.E.  from  Bury  Down 926 

M.  Down  close  to  St.  Cleer,  on  the  south         .•••••  753 

M.  Down  near  Mennaclew,  N.N.E.  from  St.  Gleer         •         .         .         ,1124 

M.  Oribbiu  Head,  near  Fowey 267 

M.  Whitley  Hill,  north  of  Pencarra^Point,  near  Fowey  .         ...  439 

M.  Si^al  Staff,  near  Nealand,  west  from  Polperro 421 

M.  Elevation  on  west  of  the  Signal  Staff 435 

M.  Hill  east  from  Polperro %         •  335 

M.  Hill  above  Talland 445 

M.  Ore  Stone  Point,  near  Talland.         ..«...•  310 

M. '  Top  of  Looe  Island,  near  Looe 170 

M.  Signal  Staff,  near  Penhale,  on  east  of  East  Looe 498 

M.  Hul  above  Seaton,  on  east  of  East  Looe          .         •         •         .         •  465 

M,  St.  German's  Beacon,  south  from  St  German's^  in  Whitesand  Bay.         •  513 

Heightt  Off  the  Coaii  of  North  Devon  and  Someraetf  firom  the  Admiralty  Ckarfe,  by 

Captain  Denham,  R,N,  jpeeU 

Hartland  Point     ...••••..         Devcn^  350 

Gallantry  Bower,  near  Clovelly    •••..•        t         «  387 

Londy  Island  lighthouse 567 

Coddali  Hill,  south  from  Barnstaple     •         • 623 

Down  End,  near  Baggy  Point          ....,..•  511 

Slade  Down,  near  Ilfracombe        .         • 693 

Helesbrow,  or  Hillsborough  Hill,  Ilfracombe 447 

Little  Hangman  Hill,  near  Combe  Martin     .         .         •         .         .         •  756 

Great  Hangman  Hill 1083 

Hill  on  west  of  Trenteshoe  Barrow  (named  Great  Hangman  in  the  Chart)  1 187 

High  Weer,  near  Martinhoe 850 

Holiday  Hill,  Linton 818 

Foreland  Head,  near  Countesbury          •••••«.  734 

Hall  Hill,  Countesbury «         .  1145 

Glenthom  Barrow,  east  from  Hall  Hill 1165 

Culbone  Hill,  Culbone Someraet,  1211 

Bosstngton  Beacon,  Porlock         ...•.•••  801 

Grabbest  Hill,  south  from  Minehead 990 

North  Hill,  Minehead 1059 

Worle  Hin,  Weston-super-Mare      •         ;        .          .         .         •         •         •  306 

Some  of  the  Heights  in  the  Great  Mining  Dietrict  of  Camborne,  RednUh^  Owennap, 
^c,  Comwali,  contained  in  the  Report  on  the  Survey  of  that  Diitrictf  by  Mr,  Thomas, 
Civii  Engineer.* 

F66t    I  Fe6t> 

Blackwater  Hill        .         .         .     377      Camarthen  Hill        .         •         .534 

Cal  Downs  (highest  part)    .         .     634  |  Cam  Biea  (highest  rocks)  .         •     740 

*  llie  heights  obtained  by  Mr.  Thomas,  of  which  those  here  given  only  form  a 

E>rtion,  were  determined  by  levelling  from  high  water  mark  of  great  spring  tides  in 
estronget  Creek,  Falmouth  Estuary,  and  the  results  were  proved  by  levelung  from 
high-toater  mark  at  Portxesth  on  the  adjoining  north  coast  of  Comwali. 
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GumSnfnl  •  •  •  ,585 
Cam  Kie  Beacon  .  •  .780 
Cam  Ifaith  (top  of  stone  in  Kaatem 

Bairov)        •         •        •        #757 
Coagmrne  Downs        •  •     366 

CveegbraamHiU  ...  390 
OlebeCrofta  ^alfamile  louth-east 

ofBedrathChoreh)  •  •  560 
GoQBBile  Downs  •  •  .426 
HiU  east  of  C3iaeewater  Mine  •  367 
HiU  south-vest  of  Sconier  House  435 
Hlogui  Downs.  •  •  .  S87 
LannerBeaeon  ,  «  «  757 
Nanceknke  Downs  .  .285 
Ksdrath  Chnsrh  (exound)  •  •  356 
St.Day^tliparQ  ...  388 
Sooiriei  Uoose  (ground)  •  •  330 
TMOaBeacon.  •  •  #599 
Trdowekh  Downs  .  •  •  303 
TNff  axth  Common  (south-east  cor- 
ner)      323 

Baracoose  Mine  .380 


Chaoewater  Mine  (engine  shaft)  •  303 
Cook's  Kitchen  Mine  .         .    360 

Dolcoath  Mine  •  •  •  .370 
North  Roskeeie  Mine  •  •  304 
Poldice  Mine  (Adit  shaft)  •  .  377 
Tin  Croft  Mine  •        •        .372 

Ting  Tang  Bftine  (engine  shaft)  .  320 
Tresavean  Mine  (William's  shaft)  558 
Tieskeiby  Mine   (Cook^s   engine 

shaft)  .        »        .        ,384 

United  Mines  •  ...  288 
Wheal  Beauchamp  •  •  #  557 
Wheal  Damsel  (engine  shaft)  •  354 
Wheal  Druid  ....  430 
Wheal  Gorland  •         ,         •     400 

Wheal  Jewel  (engine  shaft)  •  407 
Wheal  Peever  .  .  •  •  385 
Wheel  Sparnon  (engine  abaft)  •  434 
Wheal  Squire  ^  •  •  .250 
Wheal  Virgin,  Consols  (ground  at 
Compting  House)  •        t        •     260 


The  water-shed  line  of  the  district  takes  a  very  tortuous  course 
fn)mW.S.W.  to  E.N.E.,  as  will  be  seen  by  reference  to  the 
annexed  figure  (Fig.  1)>  where  it  is  represented  by  the  dotted 
line  P,  T,  M,  C,  W,  H,  D,  E,  and  B. 

Fig.  I. 


Commencing  at  the  Land's  End^  on  the  west^  it  passes  over  the 
high  land  of  Castle  Cam  Brea^  Pertinney  HiU  (P)  BosuUo 
Down,  Camminnis  (N.W.  from  Towednack)^  and  Trink  Hill^  to 
the  lower  country  on  the  left  bank  of  the  Hayle  River,  near  St. 
Erth.    It  then  strikes  about  S.E.  to  Relubbas^  near  St.  Hilary, 

c  2 
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making  a  bend  to  the  sea  on  the  south  coast  near  Perranuthno. 
It  continues  h^nce  eastward  to  Tregonning  Hill  (T),  after  which 
It  holds  its  course  across  the  comparatively  depressed  and  inter- 
vening land  to  Crowan  Beacon,  in  the  elevated  country  of  the 
Cam  Menelez  district,  upon  which  it  runs  to  Carn  Marlh  (M). 
It  afterwards  approaches  towards  the  north  coast  (at  Prince's 
Comfnon)],  but  subsequently  bends  inland  from  it  by  Newton 
Downs,  and  the  high  land  of  Mitchell,  St.  Enoder,  and  Fat- 
Work  Hill,  to  Castle-an-Dinas  (C),  traVersiilg  thfe  Tregoss  Moors, 
near4;he  latter  hill.  From  Castle-an-Dinas  the  water-shed  holds 
a  zigzag  course  on  the  north  of  the  highest  lands  of  the  Hens- 
borough  district  without  passing  over  the  latter,  thence  traversing 
the  country  near  Bodmin  in  a  N.E.  direction  to  the  elevated  land 
of  the  Brown  Willy  district  (W).  After  one  or  two  minor  curves 
between  Temple  and  Brown  Willy,  it  runs  northward  in  a  winding 
line  over  Davidstow  Moor,  Titch  Beacon,  and  Otterham  Downs, 
to  Tresparret  Down,  where  it  closely  approaches  the  shores  of  the 
Bristol  Channel.  I'hese,  however,  it  soon  quits  by  a  tortuous 
coui*se  in  an  eastern  direction  for  the  range  of  high  land  near 
Whitstone  (on  the  E.N.E.  of  Week  St.  Mary),  which  carries  the 
high  road  from  Launceston  to  Kilkhampton.  It  continues  north- 
^vard  upon  this  range  of  high  land  for  several  miles,  passing 
through  Kilkhampton  to  Wooley  Barrows,  where,  bending  round 
this  source  of  the  Tamar,  on  the  south  of  Hartland  (H),  it  strikes 
S.E.  in  a  winding  course  by  Holsworthy  Beacon,  Hollacomb, 
Hallwill  Barrow,  the  eastern  part  of  Broadbury  Down,  and 
Sourton  Down,  to  Amicomb  Hill,  one  of  the  highest  parts  of 
Dartmoor  (D). 

Curving  round  from  Amicomb  Hill  by  the  high  land  separating 
the  sources  of  the  Okements  and  the  Taw  from  those  of  theTavjs 
the  Dart,  and  the  Teign,  to  Cawsand  Beacon,  the  water-sheil 
thence  holds  a  winding  course,  north-easterly,  over  the  lower 
country  by  Spreyton,  Clannaborough,  Beacon  Hill  (on  the  west  of 
Sandford),  Quick's  Hill  (near  Morchard  Bishops),  Puddington, 
Gibbet  Moor  (W.N.W.  from  Loxbere),  and  Rakenford  Moor,  to 
Anstey  Hill,  on  Exmoor. 

From  Anstey  Hill  it  ranges  along  the  south*western  pai*t  of 
Exmoor  by  the  high  land  of  Molland  Down  and  North  Molton 
Ridge  to  the  Span  Head,  where,  coming  round  the  western  part  of 
the  Moor  (E)  by  Moles  Chamber  and  Ex- Head  Hill,  it  holds  a 
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course  about  E.S.E.  by  Black  Barrow  Down,'  Dunkery  Beacon, 
and  Lype  Hill,  to  Wiveliscbmbe  Barrow  on  Brendon  Hill,  It 
then  strikes  southerly  over-land  with  very  variable  heights,  across 
the  direction  of  the  general  range  of  the  hills,  in  a  winding  man- 
ner by  Sperry  Moor,  Heydon  Down,  and  Clayhanger,  to  Hock- 
worthy,  whence  it  crosses  by  the  stripe  of  land  pierced  by  the 
tunnel  for  the  Taunton  and  Tiverton  Canal,  and  by  Banger  Hill 
and  Nicholshayes  (on  the  E.  of  Burlescombe),  to  the  Blackdown 
Hills  (B),  along  the  northern  frontier  of  which  the  water-shed 
ranges  by  Beacon  Hill,  Noons  Barrows,  and  Staple  Hill,  to 
Castle  Neroche,  whence,  curving  southerly  by  Combe  Beacon  to 
Chard,  it  passes  easterly  out  of  the  district. 

It' will  readily  be  observed,  by  reference  to  Fig.  1,  that  the 
largest  part  of  the  area  has  a  southern  drainage.  If,  however, 
the  district  had  comprised  more  land  to  the  eastward,  and  had 
taken  in  the  country  drained  by  the  Parrett,  the  Brue,  and  the 
Axe,  the  embouchures  of  which  only  now  come  within  it,  the  dif- 
ference in  this  respect  would  not  appear  so  marked,  and  the  area 
B'ould  have  been  found  to  contribute  more  largely  to  that  mass  of 
river  waters  which  is  poured  into  the  Bristol  Channel.  The  main 
drains  of  the  district  are  the  Taw  'and  Torrid ge  on  the  north, 
pouring  their  united  waters  into  Barnstaple  Bay;  andtheTamar, 
the  Dart,  the  Teign,  and  the  Ex  on  the  south ;  the  Tamar  dis- 
charging its  waters  into  Plymouth  Sound,  the  Dart  into  its 
deep  estuary  near  Daitmouth,  and  the  two  others  into  their 
shallow  estuaries  communicating  with  the  Great  Western  Bay. 

However  different  in  height  or  various  in  position  the  lands 
connected  by  the  line  of  water- shed  may  be,  the  drainage  is  the 
mere  fall  of  waters  from  general  higher  to  general  lower  levels, 
with  the  exception  of  the  course  of  the  Tamar  near  Kit  Hill,  and 
the  Ex  near  Tiverton  and  Exeter.  At  the  former  place  the  river 
cuts  through  lands  of  much  greater  elevation  than  those  at  its 
source,  and  the  Ex,  after  draining  a  generally  descending  country 
from  its  head,  cuts  through  lands  between  Tiverton  and  Silverton, 
and  on  the  north  of  Exeter,  which  would  bar  its  course  in  those 
directions,  if  the  continuity  of  the  ranges  of  hills  traversed  were 
restored.  With  respect  to  the  Ex,  if  the  valley  on  the  south  of 
Tiverton  were  closed,  the  natural  drainage  would  be  in  a  di- 
rection towards  the  valley  of  the  Culm ;  and,  if  the  valley 
near  Cowley  Bridge  were  stopped,  the  drainage  would  be  in  the 
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direction  of  the  Clist  river.  Connected  with  the  drainage  of  the 
district,  we  may  notice  the  barin-shaped  cavity  in  North  Devon^ 
near  Merton,  Petrockstow,  and  Meath^  generally  known  as 
Merton  and  Berry  Moors,  whi^h  would  be  converted  into  a  lake, 
if  the  valley  between  Merton  and  Huish  were  stopped^  through 
which  the  waters  which  either  rise  in,  or  fall  upon  it,  now  escape 
to  the  Torridge. 

The  following  tables  will  afford  a  general  view  of  the  lengths 
of  the  principal  valleys  through  which  the  main  drainage  of  the 
district  passes,  and  the  distances  to  which  the  tidal  waters  flow 
up  most  of  them  will  exhibit  the  general  level  at  which  they  are 
cut  by  the  sea : — 

Names  and  Courses  of  the  principal  Rivers  and  Streams  of  Com- 
toallf  Devon,  and  West  Somerset. 

GORNV^ALL. 


Name. 


RisM. 


Floira  into. 


Total) 
Len^h. 


TMal 
for 


Hayle  River  • 

Helston  River 

Gweek  River. 
Ladock  River 
The  Fal 

The  Ganel     . 

The  Camel    . 

The  Par  River 

TheFowey    . 

The  Looe  River 

The  Inny 

TheLynher 


Near  Crowan        • 

i  Hangman's  Barrow, 
I  near  Carn  Menelez 
fAt  Buttris,  N,W. 
I  from  Wendron    • 

Near  St.  Rnoder  . 

Near   Hensbarrow 
[  HUl.         . 

Near  St.  Rnoder  . 
Near  Davidstow  « 

Near  Roche 

/  Al  Fowey  Well,  near) 
I  Brown  WiUy       •     J 

Near  St,  Cleer      • 

Near  Davidstow    • 

r  At  Beacon  Hill/near] 
1  Five  Lanes         •     I 


rThe  Bristol  Channel,  near 

\  Hayle         .         .        ♦     ^ 

The  English  Channel,  nearl 

Helston       •         .         •     J 
The  English  Channel,  near 

Mawnan      .         ,         ,     , 
The  Fahnouth  Estnary   . 

The  Falmouth  Estuary    • 

rThe  Bristol  Channel,  near) 
\  Crantock  .  •  ,  j 
/The  Bristol  Channel,  near) 
1  Padstow  .  .  •  / 
rThe  English  Channel,  at 
\  Par  Harbour 
The  English  Channel,  near  i 
Fowey  .  .  .  i 
rThe  English  Channel,  at; 
\  Looe  •  •  •  •  I 
rThe  Tamar  River,  at  Innysj 
1  Foot  ....     J 

The  Tamar,  at  Hamoaie 


Miles. 
11 

10 

11* 
194 

29 
9 
30 
10 
19 
27 


2i 
0* 

5 
3 

4 

21 

9 

0 

If 
0 


*  Is  prevented  from  being  tidal  by  the  Looe  Bar,  a  bank  of  ahiligle  thrown  up  by 
tho  sea  at  the  mouth  of  the  valley  converting  the  inner  portion  into  a  lake. 
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TbeTamftr* 

TheTavy 

ThePlym 

TheLyd 
TheTealm 

TheSnne 

The    AvoDy  01 

Axjb€  •         • 

The  Dart  • 
TheTcfgn  • 
TlisEz         • 

TheCttlm 

TheOttOT     . 
The  Axe 
The  Tart 
TheToiiidge 
The  Ohement 

The  Taw 


The  Uttle  Dart 
TheTeo 
TbeBfayBife^ 
ThftLyne 


At  Wooley  Banows^l 
5  mUei  S.  from  Hari-  \ 
land.        •  j 

At    Okement    Hill,  ' 
Dartmoor  . 
At  the  Plym  Head,] 
Caters  Beam,  Dart- > 
moor  .  j 

BraDflcombe  Loafi    ) 
Dartmoor  •         •     j 
At  Yealm   Head, 
Dartmoor  . 
At  Snne  Head,  Ca- 
tex's   Beam,    Dait- 
^  moor 

'At  Aime  Head,  ea- 
ter's Beam,  Dart- 
moor 

At  Dart  Head,  Dari-'l 
moor         •  I 

rNear  Siddafoxd  Tor, 
\  Dartmoor  . 
rAt  Bz  Head,  Bz-  ) 
I  moor  .         • 

iNear  Church  Stann-' 
<  ton,  in  the   Black 
I   Down  Hills 
(Near    Otterford,    in 


{  the    Black   Down 
{  I 


HilU 


{Near   Otterford,    in 
the   Black   Down 
Hills 

At  the  Ditchen  Hills,' 
near  QoTell j 
At   Craumere   Pool,' 
OkementHiU,Dart- 
moor         •         • 
At  the  Taw   Head,] 
Okement  Hill,  Dart- > 
moor  •     ) 

jOnRakenford  Moor,) 
\  Rakenford 


Near  East  Anstey 


Flows  inlo. 


Plymouth  Sound,  at  Monnt\ 
Edgcnmbe  •        • 

The  Tamar,  near  Tamerton) 
Foliot         .         .         .     / 

F^mouth  Sound,  at  Mount) 
Batten        *         .         .     / 

The  Tamer,  near  Lifton  • 

The  English  Channel,  at] 
Yealm  Mouth       .         .     j 

The  English  Channel,  at] 
Bigbuiy  Bay        .         .     J 

The  English  Channel,  at] 
Bigbury  Bay        •         ,     J 

The  English  Channel,  near) 
Dartmouth  •         •         .     / 

The  English  Channel,  at) 
Teignmouth         .         .     / 

The  English  Channel,  at\ 
Ezmoutii    •         •         ,     j 

The  Ex  River,  near  Stoke  1 
Cannon       •         .         .     j 


The  EngUih  Channel,  near) 
Budleigh  Salierton        .      ^ 

At   AzDoUer,   near  ')  rThe  English  Channel,  near) 
Beaminster,  Dorset  j  \  Axmouth    • 


f  Near  Chapman  Bar-) 
(  rows,  Eunoor  .  j 
(On  Black  Banow ) 
I  Down,  Bzmoor  •     j 


The  Axe,  near  Kilmington 

The  Bristol  Channel,  near\ 
Appledore   ,        ,         . 

The  Torridge,  near  Meeth 

The  Bristol  Channel,  near) 
Appledore   •         «         •     j 

The  Taw,  near  Chumleigh 

rThe  Taw,  near  Newnham) 
I  Bridge        ...     J 

The  Yeo,  near  Saterleigh 

The    Bristol   Channel,  at 
Lynmoath  •        •        » 


Total 
Length. 


Miles. 
59 


16 
14 

l^ 

23 

36 
33 
54^ 

26 
23 
14 
53 

18 

48 

15 
19 
15 
11 


Tidal 
for 


Milee. 
17i 

3 

3 

0 
3f 

2i 


m 

5 
7 


ij 

0 
9 
0 

Hi 

0 
0 
0 
0 


•  Thia  may  ahnost  equaUy  be  oonsideztd  a  Cornish  riTtr,  as  it  teparatea  Cornwall 
bom  Devon  for  nearly  its  whole  course. 
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PHYSICAL   FEATURES  OF  CORNWALL, 
WEST  SOMERSET. 


Name. 


The  Borle     • 
The  Tone 

The  Pairett  • 

The  Brae 
The  As        • 


HUeB. 


rNear  Moles  Gham-1 
\  ber,  Ezmoor  •  j 
/At  Tone  Head,  Bren-\ 
t  don  Hill  .  .  / 
'Near  (South  Parrott, 

S.E.  from  Crew- 
,  kerne         ,         .     . 
At  Brewham  Lodge, 
near   South   Brew- 
ham  •         • 
r  In  the  Mendip  HilWl 
(  near  Ebber  Rocks    j 


FlowB  Into. 


The  Ex,  near  DulYorton  « 

The  Parrett,at  Borough  and) 
Stanmore  Bridges         •     i 

The  Bristol  Channel,    in 
Bridgwater  Bay 

The  Parrett,  near  Hemis- 
pill     ,         •         •         • 

The  Bristol  Channel,  nearl 
Brean  Down         .  J 


ToUl 
Length. 


Bfilee. 

34 

42 

28 
25 


Tidal 
for 


Miles. 
0 

0 

20* 

It 

6t 


The  general  configuration  of  the  coasts  will  readily  be  seen  by 
reference  to  the  map  (plate  1) :  those  in  the  north  and  south, 
after  approaching  to  within  thirty-four  miles  of  each  other,  be- 
tween Bridgewater  Bay  and  Lyme  Regis,  separate  to  the  distance 
of  seventy-one  miles,  between  the  Foreland,  near  Linton,  and  the 
Prawle  Point.  They  thence  approximate  westward,  and  eventu- 
ally join  to  form  the  boot-like  termination  of  Cornwall  towards  the 
Land's  End.  The  lines  of  difierent  depths  of  sea  adjoining  the 
coast  will  serve  to  show  the  slope  of  the  solid  ground  beneath  it; 
a  slope  in  general  so  trifling,  that,  if  the  waters  of  the  English  and 
Bristol  Channels  were  removed,  the  present  dry  land  would  seem 
to  rise  above  one  vast  plain,  so  small  is  the  general  angle  which 
the  solid  ground  beneath4:he  sea  makes  with  its  level  at  the  coast 
line.  There  may  be  places  where,  from  our  usually  exaggerated 
ideas  respecting  the  depth  of  any  depression  covered  by  water, 
we  may  consider  the  coast  to  be  bounded  by  a  deep  sea,  and  it  is 
apparent  that  deeper  water  approaches  the  western  than  the 
eastern  part  of  the  district,  but  if  true  proportional  sections  be 
constructed,  and  many  miles  distant  from  the  land  be  included  in 
them,  the  plain-like  character  of  the  floor  of  the  sea  adjoining 
such  coasts  as  those  of  this  district  becomes  very  striking. 

The  southern  shores  of  the  district  are  in  general  bounded  by 

*  This  distance  is  reckoned  from  Bridgewater  Bar.  The  Parrett  runs  only  for 
21^  milu  vithin.the  district  ^  but,  as  its  embouchure  and  those  of  the  two  following 
rivers  are  within  it,  it  appeared  useful  to  notice  the  courses  of  the  three. 

t  The  Brue  flows  for  only  4^  miles  within  the  district. 

X  The  Ax  has  its  oouise  for  only  6^  miles  in  the  district. 
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eliffs^  the  sandy  or  shingle  beaches  at  the  mouths  of  the  Axe,  the 
Sid,  the  Ex,  the  Teign,  the  Par,  and  the  Helston  Rivers,  and  at 
the  bottom  of  Tor,  the  Start,  and  Mount's  Bays  forming  the  chief, 
and,  with  reference  to  the  total  length  of  each,  not  very  important 
exceptions.  Of  these  beaches,  those  at  the  bottom  of  the  Start 
Bay  and  at  the  mouth  of  the  Helston  River  deserve  notice,  inas- 
mnch  as  they  both  obstruct  the  drainage  of  the  country  behind 
them,  causing  fresh-water  lakes.  The  superabundant  waters  of 
these  lakes  generally  percolate  through  the  beaches  into  the  sea, 
which  occasionally  breaks  through  the  shingly  barrier  in  tem- 
pestuous weather,  and  opens  a  space  through  which  the  lake 
waters  are  let  out  upon  the  ebb-tide,  again  closing  up  the  breach 
by  Us  subsequent  action.  The  lake  behind  the  beach  in  Start  Bay 
is  now  so  mucV  filled  up  that  its  area  is  by  no  means  so  consider- 
ablejas  it  must  have  formerly  been,  even  within  historical  times. 
Hie  Looe  Pool,  as  it  is  termed,  near  Helston,  forms  a  handsome 
sheet  of  water  several  miles  in  circumference,  above  which  the 
hills  of  the  valley  which  has  been  thus  closed  rise  high  on  both 
sides. 

Though  the  northern  coast  is  also  in  general  bounded  by  rocky 
cli£,  we  in  several  places  find  large  accumulations  of  sand,  which 
are  not  observable  on  the  south,  the  sands  of  Gunwalloe  in  the 
Lizard  district  being  comparatively  unimportant.  These  sands 
may  be  considered  to  commence  at  Whilesand  Bay  on  the  north 
of  the  Land's  End,  where  a  patch  occurs,  partly  covering  up 
the  adjoining  hilly  ground.  On  the  east  side  of  St.  Ives  Bay 
there  is  a  large  tract  of  sand  hills  extending  about  three  miles 
and  a  half  from  Pencobben  Farms  to  the  mouth  of  the  Hayle 
River,  on  the  left  bank  of  which,  near  Lelant,  the  country  is  also 
covered  by  sand.  This  sandy  tract  is  nearly  a  mile  broad 
between  Treeve  and  the  coast.  The  sand  has  been  accumulated 
upon  a  hill  of  slate  adjoining  the  sea,  as  is  seen  by  occasional 
cUfis  on  the  shore,  particularly  on  the  N.E.,  and  by  mining  ope- 
rations beneath  the  sand-hills. 

Another  considerable  tract  of  sand-hills  is  found  on  the  bottom 
of  Piran  Bay^  extending  from  Piran  Perth  on  the  south  towards 
Penhayle  Point  on  the  north,  being  nearly  a  mile  and  a  half 
broad  between  Treworten  and  the  sea.  These  sands  also  rest  on 
hills  of  solid  rock,  as  can  readily  be  observed  in  the  cliffs  on  the 
north  and  souths  and  at  the  several  mines  which  have  been 
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worked  beneath  them,  A  mass  of  sand  occurs  on  the  coast  on 
the  west  of  New  Quay^  and  a  far  more  considerable  mass  cotcov 
the  shores  and  a  large  tract  of  country  inland  nearTreyose  Head. 
Sands  also  cover  the  country  on  the  right  bank  of  the  Camel» 
opposite  Padstow.  At  Braunton  Barrows,  near  Barnstaple,  the 
sand-hills  and  sandy  country  on  the  north  of  the  united  embou- 
chures of  the  Taw  and  the  Torridge  occupy  an  area  of  about  five 
square  miles. 

The  greatest  length  of  coast  which  occurs  without  rocky  difib 
is  that  which  extends  about  sixteen  miles  northward  from  the 
hills  near  Stockland  Bristol,  and  Otterhampton,  on  the  left  of  the 
embouchure  of  the  Parrett,  to  Middle  Hope  Hill,  on  the  north  of 
Wick  St  Laurence,  broken  only  by  the  cUffs  of  the  island-like 
hills  of  Brean  Down  and  Worle  Hill,  near  Weston-super-Mare. 
This  low  coast,  formed  either  of  shingle  beach  or  sand-hills, 
ranges  in  front  of  the  extensive  flat  lands,  conunonly  known  as 
the  Bridgewater  Levels,  on  the  south-west  of  the  Mendip  Hills, 
and  of  another  flat  tract  on  the  north-west  of  the  same  hills. 

A  limited  portion  only  of  the  flat  land  extending  up  to  Glas- 
tonbury on  the  south  of  the  Mendips,  and  towards  Wrington  on 
the  north  of  the  same  range,  comes  within  the  district  under  con- 
sideration. It  differs  materially  in  its  physical  features  from  the 
usual  character  of  other  parts  of  it.  Instead  of  a  very  constant 
succession  of  hill  and  valley,  we  have  an  extensive  plain,  from 
which  several  hills  emerge  in  the  manner  of  islands  in  a  sea,  the 
western  part  of  the  Mendip  range  advancing  into  it  like  a  pro- 
montory. One  of  the  most  conspicuous  of  the  island-hills  is 
Brent  Knoll,  a  somewhat  conical  eminence  seen  far  around  the 
neighbouring  levels.  The  lower  island-hills  of  Pawlet  and  Ched- 
zoy,  and  the  promontory  of  Puriton  and  Cossington,  rise  out  of 
the  plain  near  Bridgewater.  Worle  Hill,  near  Weston-super- 
Mare  (306  feet  above  the  sea),  forms  a  conspicuous  object 
above  it  on  the  north.  The  area  occupied  by  this  flat  land,  if  we 
take  its  ramifications  into  account,  may  be  roughly  estimated  at 
about  eighty  square  miles,  forming  part  only  of  a  far  more 
extensive  area  of  level  land  on  the  eastward  of  our  district. 
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CHAPTER  IL 


MICA  SLATE,  HORNBLBNDB  SLATE,   AND  ASSOOIATBD  ROCKS. 

Hayiko  sketched  the  general  physical  features  of  the  district,  we 
proceed  to  consider  its  geological  structure,  commencing  with 
those  rocks  which  appear  to  be  the  most  ancient,  and  ascending 
(o  those  wluch  are  most  modem,  noticing  finally  those  geological 
changes  which  are  now  taking  place  on  the  surface  of  the  land, 
and  in  the  bed  of  the  adjoining  sea. 

The  most  southern  portion  of  Devonshire,  comprised  within  the 
coast  from  Hope,  near  the  Bolt  Tail,  to  Hall  Sands,  near  the 
Start  Point,  and  a  line  connecting  these  points  on  the  coast 
through  South  Pool  and  Marlborough,  is  chiefly  composed  of 
mica  slate,  chlorite  slate,  and  chlorite  rock.  Mica  slate  is  the 
predominant  substance;  it  occurs  in  various  parts  of  the  area, 
but  is  most  abundant  on  the  south,  where  indeed  it  sometimes 
passes  into  a  gneiss  by  the  addition  of  felspar  to  its  ordinary 
constituent  minerals,  mica  and  qusurtz.  The  gneiss  is  chiefly 
obserrable  near  the  Prawle  Point,  and  the  mica  slate  best  seen  in 
the  vidnity  of  the  Bolt  Head.  True  chlorite  slate  is  not  very 
abundant,  but  a  compound  of  quartz  and  an  ambiguous  mineral 
much  resembling  cblmte  occurs,  intermingled  with  a  chloritic  and 
thick-bedded  rock,  very  frequently  towards  the  northern  part  of 
this  area. 

Hie  chloritic  rock  has  not  imfrequently  a  somewhat  arenaceous 
aspect,  and  the  same  appearance  is  observable  in  red  rocks  asso- 
ciated with  it  and  the  accompanying  mica  slates.  These  rocks 
can  be  well  studied  in  the  cliffs  on  both  sides  of  the  channel 
between  the  Molt  and  Salcombe.  Hornblende  is  a  rare  mineral 
among  the  rocks  from  the  Bolt  Tail  to  the  Start  Point,  but  can 
be  se^i  intermingled  with  the  mica  slate  and  chloritic  series  near 
the  former  place,  forming  part  of  some  of  those  mineral  com- 
pounds to  which  it  is  so  difficult  to  assign  names  in  rocks  of  this 
age. 

If  we  consider  the  lamination  of  the  mica  and  chlorite  slates  to 
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represent  surfaces  corresponding  with  those  of  beds,  the  mica  and 
chlorite  slate  system  of  this  part  of  Devonshire  is  much  contorted, 
with  a  prevailing  dip  to  the  north  and  north-west.  It  might  al 
first  be  considered  that  the  beds  possessing  an  arenaceous  appear-  . 
ance  would  afford  conclusive  evidence  on  this  head,  but  upon  close 
inspection  it  becomes  very  difficult  to  determine  if  this  appearance 
be  really  due  to  the  aggregation  of  detrital  matter,  or  to  the 
rapid  separation  of  substances  from  a  fluid  by  chemical  changes 
in  it,  which  should  render  them  no  longer  soluble.  Taking, 
however,  these  beds  as  guides,  we  arrive  at  nearly  the  same  results 
as  to  contortion  and  dip  for  this  mass  of  rocks. 

The  natural  sections  of  the  junction  of  these  rocks  with  the 
grauwacke  on  the  north  are  in  general  somewhat  obscure  as 
regards  the  superposition  of  the  latter.  The  best  section  occurs 
on  the  cliffs  near  Hope,  where  a  series  of  red  and  grey  argillaceous 
slates,  apparently  forming  a  part  of  the  great  grauwacke  series  of 
Devon  and  Cornwall,  terminates  somewhat  suddenly  at  a  little 
cove  on  the  north  of  the  village,  becoming  much  traversed  by 
quartz  veins  as  it  approaches  the  rocks  on  the  south,  but  still 
preserving  a  very  distinct  character  from  them.  A  very  soft  ar- 
gillaceous slate  intervenes  between  these  beds  and  the  system  of 
mica  and  chloritic  slates  on  the  south  for  a  few  feet,  and  is  nearly 
concealed  by  shingle  beach.  A  hard  red  rock,  with  a  somewhat 
arenaceous  aspect,  then  appears  intermingled  with  mica  slate  on 
the  south,  and  similar  red  rocks,  often  micaceous,  and  mingled  with 
mica  and  chloritic  slates,  are  well  exposed  at  low  water  for  about 
half  a  mile  on  the  coast  at  Hope  Cove.  There  is  much  irregu- 
larity in  the  manner  in  which  these  rocks  are  mixed  with  each 
other,  and  they  are  also  so  cut  by  divisional  planes,  having  dif- 
ferent directions,  that  it  becomes  no  easy  task  to  assign  any  pre- 
valent dip  to  the  mass. 

ITie  sections  in  the  low  cliffs  of  the  Kingsbridge  estuary,  where 
in  its  range  the  northern  boundary  of  these  rocks  cuts  across  it,  are 
still  less  instructive.  It  is  true  that  the  laminae  of  the  argillaceous 
slates  on  the  north  dip  northerly,  away  from  the  mica  and 
chloritic  slate  system  on  the  south,  and  that  the  mineral  characters 
of  the  two  masses  are  marked  and  distinct,  and,  therefore,  in  the 
absence  of  more  direct  evidence  as  to  the  superposition  of  the 
argillaceous  slate  system,  we  might  mfer  that  the  one  did  rest 
upon  the  other  at  a  moderate  angle,  the  plane  of  lamination  in 
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the  argillaceous  slate  being  inclined  at  a  moderate  angle  near 
the  juQctioQ,  though  it  aflerwards  becomes  perpendicular. 

The  sections  near  the  Start  Point  are  also  somewhat  obscure, 
and  those  inland  particularly  uninstructive,  so  that^  though  we 
may  consider  that  the  system  of  mica  and  chloritic  slates  of 
South  Deron  belongs  to  a  class  which  existed  prior  to  the  grau- 
wacke  series,  the  evidence  of  its  northern  boundary  having  formed 
a  surface  from  which  detrital  matter  may  have  been  derived  for 
the  production  of  the  grauwacke  near  it,  is  by  no  means  so  good 
as  could  be  desired. 

In  the  Lizard  district  in  Cornwall  we  again  find  mica  slates, 
somewhat  talcose  perhaps,  but  still  rocks  of  very  diflferent  cha- 
racters from  those  which  constitute  the  great  schistose  systems  of 
Cornwall,  Devon,  and  West  Somerset.  They  occupy  a  very 
limited  area  near  the  Lizard  Head,  and  have  been  noticed  by 
the  various  writers  on  this  part  of  Cornwall,  among  whom 
some  diversity  of  opinion  seems  to  prevail,  whether  they  should 
be  termed  mica  or  talcose  slates,  the  principal  mineral  partaking 
of  the  united  characters  of  mica  and  talc,  a  circumstance  which 
has  been  noticed  in  several  localities,  more  especially  in  the  Alps. 
Mr.  Magendie  notices  them  as  mica  slates,  observing  that,  under 
the  slate  at  the  Old  Lizard  Head,  thick  alternating  beds  of  com- 
pact felspar  and  green  talc  are  found."*"  Dr.  Boase  considers  that 
talcose  slates  would  be  the  preferable  name  for  them,  and  remarks 
that  they  contain  short  irregular  veins  of  quartz,  and  of  this  mi- 
neral united  with  calcareous  spar,  and  that  the  slate  passes  on 
the  south  into  a  hard  grey  rock,  containing  minute  particles  of 
calcareous  spar.f 

Above,  and  indeed  to  a  certain  extent,  interstratified  with 
these  talco-micaceous  slates  of  the  Lizard,  we  find  well  charac- 
terised hornblende  slate,  occasionally  intermingled  with  beds 
which  have  the  same  mineral  composition,  but  not  the  same 
schistose  Structure.  It  is  a  compound  of  hornblende  and  felspar, 
in  the  mass  in  nearly  equal  proportions,  but  occasionally  the  one 
or  the  other  predominating  in  different  locahties.  The  rock  is 
for  the  most  part  remarkable  for  the  lustre  of  the  hornblende, 
which  gives  it  a  character  that  the  eye  readily  seizes  as  distinct 
from  those  combinations  of  hornblende  and  felspar,  commonly 

*  Tmisactioiu  of  the  Geological  Society  of  Cornwall,  toI.  i.  p.  34  (iSlS). 
t  Tounactioas  of  the  Qeological  Society  ot  Comwall,  vol.  iv.  p«  341  (1832). 
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termed  greenstone,  leading  us  to  suppose  that  the  mineral  named 
hornblende  in  both  can  scarcely  be  exactly  the  same. 

The  hornblende  slate  seems  intimately  connected  with  the 
talco-micaceous  slates  above  noticed,  as  may  be  seen  near  Pol* 
treath,  on  the  west  of  Lizard  town.  It  supports  the  great  mass 
of  the  Lizard  serpentine^  with  an  apparent  passage  of  the  one 
into  the  other  in  many  places — an  apparent  passage  somewhat 
embarrassing,  inasmuch  as  there  is  reason  to  conclude,  finom  the 
grauwacke  conglomerate  at  the  Nare  Point  in  the  north  part  of 
the  Lizard  district,  that  hornblende  slates  were  in  existence, 
forming  a  surface  from  which  large  portions  were  abraded  by 
the  action  of  water,  while  the  serpentine  and  diallage  rocks  of 
the  Lizard  were  not  formed,  for  rounded  pieces  of  the  hornblende 
slate,  though  rare,  are  found  in  the  conglomerate^  while  no  trace 
has  yet  been  discorered  of  either  serpentine  or  diallage  rock, 
though  the  latter  especially  is  of  great  hardness,  and  therefore 
quite  as  likely  as  the  hornblende  rock  to  resist  comminution  into 
fine  sand,  and  the  two  former  are  nearer  to  the  conglomerate  than 
the  latter. 

Whatever  the  cause  of  this  apparent  passage  may  have  been,  it 
is  very  readily  seen  at  Mullion  Cove,  at  Pradanack  Cove,  at  the 
coast  west  of  the  Lizard  town,  and  at  several  places  on  the  east 
coast  between  Landewednack  and  Kennick  Cove,  more  particu- 
larly under  the  Balk,  near  Landewednack,  and  at  the  remarkable 
cavern  and  open  cavity  named  the  Prying  Pan,  near  Cadgwith. 
It  will  generally  be  found  that,  at  this  apparent  passage  of  the  one 
rock  into  the  other,  there  is  calcareous  matter,  and  a  tendency  to 
more  red  colour  in  the  serpentine  near  its  base  than  elsewhere. 

In  contradiction  to  this  apparent  passage,  we  find  a  mass  of 
serpentine  amid  the  hornblende  slate  between  Dranna  Point  and 
Porthalla,  on  the  north  of  the  principal  mass  of  serpentine,  which 
has  every  appearance  of  having  been  thrust  up  among  the  horn* 
blende  slate,  twisting  and  contorting  the  lamineo  adjoining  it  in 
directions  which  we  should  consider  consistent  with  the  passage 
of  the  serpentine  in  a  state  of  igneous  fusion  through  them.  As  a 
whole,  however,  the  hornblende  slate  and  rock  seem  to  have 
formed  a  basin  into  which  the  serpentine  and  diallage  rock  have 
been  poured  in  a  state  of  fusion. 

On  the  south,  taking  the  laminas  for  guides,  the  dip  of  the 
hornblende  slate  is  in  various  directions  beneath  the  serpentine ;  on 
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the  north  the  prevailing  dip  ia  northerly  and  north-west,  opposed 
to  that  of  the  grauwacke  near  it,  which  has  a  general  southerly 
dip,  with  minor  modifications.  At  Bellurian  Cove,  near  Mullion, 
the  junction  of  the  hornblende  rocks  with  the  argillaceous  slates 
on  the  north  is  marked  by  the  presence  of  a  conglomerate  with  a 
calcarei^magnesian  cement,  containing  sprigs  of  copper  and  iron 
pyrites.  In  this  conglomerate  are  portions  of  limestone,  similar 
to  that  which  occurs  in  Betsey's  Cove,  north  of  Porthalla,  in  the 
grauwacke^  and  also  fragments  which  appear  to  have  been  derived 
from  an  arenaceous  part  of  the  same  series.  We  were  unable 
to  deteet  any  fragment  of  the  adjacent  hornblende  slate  and 
rodL,  which,  indeed,  seem  to  rest  upon  this  conglomerate.  The 
hornUjende  slate  and  rock  contain  veins  of  calcareous  spar  and 
riUoeous  matter,  principally  the  former,  in  their  lower  part,  the 
fliHceoos  matter  sometimes  taking  an  agatiform  character,  show- 
ing that  the  cracks  had  been  gradually  filled.  It  is  very  difficult 
to  trace  this  conglomerate  up  the  cliff,  where,  indeed,  though 
the  ground  is  obscure^  there  may  be  a  fault,  but  it  can  readily  be 
observed  in  a  line  of  rocks  running  seaward,  at  low  water.  On 
the  north  of  the  conglomerate  we  find  argillaceous  slate  and  are- 
naceous grauwacke,  among  which  there  is  calcareous  matter.* 

If  we  trace  the  hornblende  rocks  from  hence  along  the  northern 
fix>ntier  of  the  serpentine  and  diallage  rock,  by  Trelowarren  to 
St.  Keveme,  we  find  extreme  difficulty  in  marking  its  boundary 
against  the  grauwacke,  more  particularly  on  the  east  of  Trelowar« 
ren.  Well«characterised  hornblende  slate  is  found  in  many  places 
near  the  serpentine,  but  it  is  also  so  mixed  with  ordinary  green- 
stone rocks  towards  Roscreage  Beacon,  that  to  attempt  a  sepa- 
ration would  appear  a  violation  of  a  natural  union  between 
them,  so  that  in  the  map  we  have  been  compelled  to  include  the 
common  gre^stone  rocks  among  the  hornblende  slates  in  this 
part  of  the  country. 

It  wiH  be  observed  that  the  mica  and  chloritic  slate  country  in 
the  southern  part  of  Devon  possesses  little  in  common  with  the 
rocks  in  the  Lizard  district,  if  we  except  the  talco-micaceous  slates 

*  The  presenoe  of  copper  and  iron  pyrites  in  the  conglomerate  might  lead  to  the 
vpnioii  that  it  meielj  formed  the  subBtance  of  a  lode  which  dipped  beneath  the 
Iwablmde  locks,  and  this  new  would  be  strengthened  if  the  present  obscure  portion 
of  th«  cliff  wen  removedi  and  a  fault  should  be  traced  upwards.  As  appearances 
stood,  howerer,  when  we  Tisited  the  spot,  they  would  rather  lead  to  the  supposition 
that  it  was  a  conglomerate  formed  in  the  manner  of  a  bed. 


Digitized  by  VjOOQIC 


32  MICA  6LAT1S,  HORNBLENDE  SLATE^ 

of  the  Lizard  Head.  The  rock  on  which  the  Eddystone  lighthouse 
is  built^  being,  liowever^  a  variety  of  gneiss  similar  to  some  occur^ 
ring  near  the  Prawle  Point,  a  kind  of  connecting  link  is  obtained 
between  one  district  and  the  other^  which  would  give  a  W.S.W. 
and  E.N.E.  direction  for  the  general  bearing  of  the  rocks  of  the 
Bolt  Head  and  the  Lizard^  supposing  them  to  be  of  the  same 
geological  age. 

Around  the  granite  of  Devon  and  Cornwall  we  have  abundant 
evidence  of  the  alteration  of  the  various  rocks  in  contact  with  it, 
such  alterations  depending  in  a  great  measure  on  their  original 
mineral  structure.  Similar  facts  have  been  observed  elsewhere,  and 
are  now  so  multiplied  that  some  geologists  have  even  supposed, 
because  many  altered  rocks  assume  the  appearance  of  gneiss, 
mica  slate,  and  others  of  that  character,  that  all  the  crystalline  and 
subcrystalline  rocks,  commonly  considered  to  have  been  formed 
under  a  condition  of  the  earth's  surface,  different  from,  and  ante- 
cedent to,  that  which  was  fitted  for  the  existence  of  animal  and 
vegetable  life,  may  be  nothing  more  than  altered  detrital  rocks, 
which  having  been  buried  beneatli  thick  sedimentary  accumu- 
lations^  became  exposed  to  long-continued  heat,  and  were  sub* 
sequently  again  brought  to  the  surface  by  those  geological  changes 
which  break  up  the  crust  of  the  earth  and  remove  superincum- 
bent matter. 

When  we  term  rocks  detrital  we  suppose  the  pre-existence  of 
solid  mineral  matter,  whence  their  component  parts  may  be  de* 
rived  by  some  abrading  power  ;  hence,  we  also  consider  that 
solid  rocks  of  some  kind  tnust  have  preceded  their  formation  on 
the  earth's  surface.  The  question  then  arises,  whether  there  is 
any  class  of  rocks  which,  as  far  as  we  yet  know,  does  not  contain 
the  remains  of  animal  and  vegetable  life,  and  which  also  possesses 
certain  general  and  marked  mineral  chai'acters  different  from  an- 
other class  of  rocks  which  does  contain  the  remains  of  animal  and 
vegetable  life,  the  former  class  occurring  beneath  the  latter.  Our 
present  knowledge  leads  us  to  consider  that  there  are  two  such 
classes,  the  one  having  a  general  crystalline  or  subcrystalline 
character,  the  other  being  without  this  character,  except  under 
particular  conditions. 

The  hypothesis  that  detrital  rocks,  being  buried  beneath  thick 
sedimentary  accumulations,  then  become  exposed  to  conditions 
which  render  them  crystalline,  chiefly  from  a  movement  of  tho 
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earth's  heat  upwards,  in  consequence  of  this  sedimentary  covering, 
also  supposes  pre-existing  heat  in  the  earth,  a  radiation  of  that 
heat  into  the  surrounding  planetary  space,  and,  consequently,  a 
general  cooling  of  the  earth  by  time,  if  no  cause  for  a  constant 
supply  of  the  heat  radiated  exist  in  the  earth  itself,  or  be  derived 
from  bodies  around  it. 

If  ire  consider  our  planet  as  a  cooling  mass  of  matter,  the  present 
condition  of  its  surface  being  chiefly  due  to  such  a  loss  of  its  original 
beat  by  long-continued  radiation  into  the  surrounding  space,  that, 
from  having  been  wholly  gaseous,  then  fluid  and  gaseous,  and  sub- 
sequently solid,  fluid,  and  gaseous,  the  surface  at  last  became  so 
reduced  in  temperature,  and  so  little  affected  by  the  remaining  in- 
ternal beat,  as  to  have  its  temperature  chiefly  regulated  by  the  sun, 
there  must  have  been  a  time  when  solid  rock  was  first  formed,  and 
also  a  time  when  heated  fluids  rested  upon  it.  The  latter  would 
be  conditions  highly  favourable  to  the  production  of  crystalline 
substances,  and  the  state  of  the  earth's  surface  would  then  be  so 
totally  different  from  that  which  now  exists,  that  mineral  matter, 
eren  abraded  from  any  part  of  the  earth's  crust  which  may  have 
been  solid,  would  be  placed  under  very  different  conditions  at  these 
different  periods.  We  could  scarcely  expect  that  there  would  not 
be  a  mass  of  crystalline  rocks  produced  at  first,  which,  however 
they  may  vary  in  minor  points,  should  still  preserve  a  general 
character  and  aspect,  the  result  of  the  first  changes  of  fluid  into 
solid  matter^  crystalline  and  sub-crystalline  substances  prevailing, 
intermingled  with  detrital  portions  of  the  same  substances,  abraded 
by  the  movemenlB  of  the  heated  and  first- formed  aqueous  fluids. 

In  the  gneiss,  mica  slate,  chlorite  slate,  and  other  rocks  of  the 
same  kind  associated  together  in  great  masses,  and  covering  large 
areas  in  various  parts  of  the  world,  we  seem  to  have  those  mineral 
bodies  which  were  first  formed  supporting  others  in  some  localities, 
such  as  the  northern  parts  of  Europe  and  America,  which  contain, 
as  far  as  we  yet  know,  the  remains  of  animals  and  plants  created 
when  the  surface  of  our  planet  was  first  fitted  for  their  existence. 

The  theory  of  a  cooling  globe,  such  as  our  planet,  supposes  a 
traoKtion  from  a  state  of  things  highly  favourable  to  the  produc- 
tion of  crystalline  rocks  to  one  in  which  masses  of  these  rocks 
would  be  more  rarely  formed.  Hence  we  could  never  expect  to 
draw  fine  lines  of  demarcation  between  the  products  of  one  state 
of  things  and  those  of  the  other;  and,  consequently,  if  organic  re- 
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mains  should  be  detected  in  rocks  associated  with  mica  slates  and 
others  of  that  general  character ;  or  these  rocks  found  alternating 
with  the  lower  part  of  the  grauwacke  series,  one  in  which,  as  far 
as  geological  researches  have  yet  extended,  the  earliest  traces  of 
organic  life  have  hitherto  been  detected ;  such  facts  would  not  be 
at  variance  with  the  theory  of  a  gradually  cooling  globe,  but 
would  be  in  accordance  with  it,  viewing  the  subject  on  the  large 
scale. 

Although  we  may  feel  inclined  to  doubt  the  sweeping  hypo- 
thesis that  all  the  crystalline  rocks,  such  as  mica  slate,  gneiss, 
and  the  like,  are  sedimentary  deposits  altered  by  the  means  above 
noticed,  we  should  be  careful  to  guard  ourselves  from  under- 
valuing the  influence  of  conditions  which  may  alter  detrital  accu- 
mulations to  greater  distances  from  heated  mineral  matter,  brought 
by  any  geological  changes  in  contact  with  them,  than  we  may  at 
first  sight  consider  probable.  We  shall  have,  as  above  stated, 
to  notice  several  alterations  produced  by  granite  in  the  district 
under  consideration,  all  of  which,  however,  seem  comparatively 
very  limited ;  but  there  are  facts  connected  with  the  hornblende 
slate  of  the  Lizard  which  require  consideration,  with  the  view  of 
seeing  how  far  a  fair  explanation  may  be  afforded  by  the  supposi- 
tion that  they  are  altered  rocks. 

We  have  seen  that  it  is  extremely  difficult  to  separate  the 
hornblende  slate  by  a  marked  line  on  the  north,  and  we  have  also 
seen  that  a  conglomerate  composed  of  limestone  and  grauwacke 
seems  to  support  the  hornblende  rock  and  slate  at  BeUurian  Cove, 
near  Mullion.  Now  these  are  facts  very  difficult  to  consider  in 
accordance  with  the  opinion  that  the  hornblende  slate  was  a  rock 
of  far  greater  antiquity  than  the  adjoining  grauwacke.  On  the 
other  hand,  the  occurrence  of  hornblende  slate  in  the  grauwacke 
conglomerate  of  the  Nare  Point  leads  us  to  suppose  that  the 
former  must  have  been  a  first-formed  and  consolidated  rock. 
The  serpentine  of  the  district  seems  to  pass  gradually  into  the 
hornblende  rock  in  many  places,  but  cuts  through  it  near  Forth- 
alia.  If  it  were  not  for  the  occurrence  of  the  hornblende  slate  in 
the  conglomerate  of  the  Nare  Point,  we  might  suppose  that  it 
was  a  mass  of  that  trappean  or  ancient  volcanic  ash  which  is 
detected  so  abundantly  amid  the  grauwacke  of  Devon  and  Corn- 
wall (to  be  hereafter  described),  upon  which  the  mass  of  serpen- 
tine and  diallage  rock,   now  nearly  covering  it  up,  has  been 
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poured  in  a  melted  state;  and  that,  being  thus  retained  long  be- 
neath it  in  a  heated  condition,  the  water  amid  its  loose  lamin» 
prevented  from  escape  upwards  hy  the  hot  rock  above,  the 
bomblendic  and  felspathic  particles  of  which  it  was  composed 
arranged  themselves  into  crystalline  forms^  the  mass  retaining 
its  original  laminated  structure.  This  hypothesis  would  also 
serve  to  explain  the  apparent  passage  of  the  serpentine  into  the 
hornblende  slate  in  so  many  places^  and  its  intrusion  amid  the 
latter,  with  marks  of  force,  near  Porthalla.  The  serpentine  at  the 
latter  place,  detached  from  the  main  mass  on  the  south,  may  have 
been  thrown  up  subsequently  to  it ;  and  we  shall  have  occasion  to 
show  that  the  igneous  rocks  of  the  Lizard  bear  evidence  of  hav- 
ing been  ejected  at  different  times.  It  must,  however,  be  con- 
fessed that,  unless  we  suppose  the  hornblende  slate,  in  the  conglo- 
merate  of  the  Nare  Point,  to  be  derived  from  some  other  source, 
this  explanation  is  not  so  good  as  could  be  desired ;  neither  does 
it  account  for  the  apparent  passage  of  the  hornblende  slate  into 
the  tako-micaceous  slates  of  the  Lizard  Head,  unless  we  suppose 
that  they  also  are  altered  rocks. 

The  mica  and  chloritic  slates  of  South  Devon  possess  much  of 
the  character  of  similar  rocks  which  cover  considerable  areas  in 
various  parts  of  the  world.  Unlike  the  hornblende  slates  of  the 
Lizard  district,  we  find  no  massive  igneous  rocks  near  them  which 
may  enable  us  to  try  the  value  of  an  explanation  of  their  origin, 
founded  on  their  relative  mode  of  occurrence  with  such  rocks,  and 
thus  endeavour  to  see  how  far  they  may  be  altered  substances. 
It  would  be  pure  conjecture  to  suppose  them  immediately  based 
on  such  rocks.  The  sea  cuts  off  all  view  of  their  connection  with 
other  mineral  masses  on  the  south,  which  is  the  more  unfortunate, 
as  these  rocks  would  appear  to  rise  in  that  direction.  Although 
there  may  be  some  obscurity  as  to  the  mode  in  which  the  red  and 
grey  argillaceous  slates  on  the  north  come  into  contact  with  the  mica 
and  chloritic  slates,  the  line  which  separates  them  from  each  other 
may  be  considered  as  well  marked.  There  appears  no  passage 
of  one  into  the  other  which  would  authorise  the  supposition  that 
both  were  merely  portions  of  a  larger  mass,  one  having  been  ex- 
posed to  different  conditions  from  the  other,  subsequently  to  their 
original  formation,  by  which  its  first  mineral  character  became 
changed.  Neither  does  there  appear  any  mode  in  which  we 
could  consider  the  one  portion  to  have  been  buried  beneath  detrital 
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accumulations,  and  then  changed,  according  to  the  hypothesis  above 
noticed,  without  the  adjoining  mass  having  been  subjected  to  like 
conditions.  If  the  one  be  an  altered  portion  of  a  larger  mass,  of 
which  the  other  constituted  a  part,  it  could  scarcely  have  been  by 
this  process.  In  the  absence  of  any  contradictory  evidence,  it 
would  appear  fair  to  infer  that  these  rocks  belong  to  that  class 
which  is  more  ancient  than  the  grauwacke  series ;  and  though  the 
mica  and  chloritic  slates  of  the  district  may  be  associated  with 
rocks  possessing  an  arenaceous  aspect,  even  supposing  they  may 
be  detrital,  that  they  form  no  part  of  that  series  which  adjoins 
them  on  the  north. 
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CHAPTER  III. 

GRAUWACKE   GROUP. 

This  group  of  rocks^  as  developed  in  Cornwall,  Devon,  and  West 
Somerset,  is  chiefly  composed  of  sedimentary  deposits,  varying  from 
the  finest  roofing  slate  to  conglomerates,  some  of  the  component 
parts  of  the  latter  weighing  more  than  half  a  ton.  With  these 
sedimentary  accumulations,  which  seem  due  to  the  abrasion  of 
pre-existing  solid  rocks  by  the  action  of  water,  or  by  meteoric 
influences,  and  the  subsequent  transport  by  water  of  the  abraded 
substances  to  their  present  relative  situations,  we  discover  igneous 
products  in  parts  of  the  area ;  a  portion  of  which  may  also  be 
termed  sedimentary,  inasmuch  as  it  would  seem  to  have  been  de- 
posited in  beds,  among  contemporaneous  rocks  of  the  former 
description,  by  the  agency  of  water,  after  having  been  ejected  from 
fissures  or  craters  in  the  shape  of  ashes  and  cinders,  precisely  as  we 
may  now  expect  would  happen  with  the  ashes  and  cinders  ejected 
from  volcanos,  particularly  insular  and  littoral  volcanos,  into  the 
sea.  In  the  districts  where  this  sedimentary  ash  is  common,  we 
also  detect  beds  of  greenstone  and  other  solid  trappean  rocks, 
which  seem  to  have  formed  sheets  or  streams  of  melted  rock, 
amid  the  mud,  silt,  sand,  or  gravel,  then  in  the  course  of  accumu- 
lation, and  which  now  constitute  associated  beds  of  slate,  sand- 
stone, and  conglomerates.  In  the  districts  marked  by  such  ig- 
neous action,  there  are  also  other  greenstone  and  trappean  rocks, 
but  as  they  cut  through  beds  of  sedimentary  matter,  it  is  difficult 
to  determine  whether  they  acquired  their  present  position,  relatively 
to  the  mass  of  the  grauwacke  group,  during  the  progress  of  the  sedi- 
mentary accumulations,  piercing  through  those  which  were  pre- 
viously consolidated,  and  being  covered  by  the  mud,  silt,  and 
gravel  afterwards  strewed  over  the  area,  or  whether  they  were 
ejected  through  fissures  after  the  formation  and  consolidation  of 
the  whole  grauwacke  series  of  Devon  and  Cornwall. 

As  large  masses  of  sedimentary  rocks,  marking,  for  the  most 
part^  tranquil  deposits  of  mud  and  sand  during  a  long  lapse  of 
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time  over  a  widely-extended  area,  seem  seldom  to  occur  without 
an  accumulation  of  calcareous  matter  in  different  places  sufficient 
to  constitute  limestones^  the  result  either  of  deposits  from  water 
charged  with  carbonate  of  lime^  coral  reefs^  or  beds  of  shells  or 
other  animal  remains  of  which  carbonate  of  lime  constitutes  a 
large  component  part^  so  in  this  district  we  find  limestones  asso- 
ciated with  the  sedimentary  parts  of  the  grauwacke  group,  and  cal- 
careous matter  very  frequently  prevailing  where  organic  remains 
are  most  abundant. 

Objections  have  lately  been  taken  to  the  term  grauwacke^  and 
names  have  been  invented  to  supply  the  place  of  that  which  it 
has  been  thought,  by  some  geologists,  desirable  to  remove  from 
geological  nomenclature.  In  a  rapidly-advancing  science,  like 
geology,  in  which  many  theoretical  points  are  of  necessity  ex- 
tremely unsettled,  it  seems  desirable  to  retain  names  for  groups 
of  rocks  which,  while  they  serve  to  assist  our  memories  in  classi- 
fying the  deposits  of  given  epochs  in  given  areas,  do  not  carry 
with  them  any  particular  hypothesis,  or  prematurely  generalise 
local  facts ;  for  the  hypothesis  first  framed  may  not  eventually 
turn  out  the  most  triable,  and  the  local  facts  prematurely  gene- 
raUsed  may  prove  exceptions  to  a  rule  and  not  the  rule  itself. 
Hence  if  names  such  as  grauwacke,  lias,  chalk,  and  others  of  the 
like  kind,  have,  by  accidental  circumstances,  obtained  currency, 
and  the  geological  epochs  they  may  be  said  to  represent  are  well 
understood,  it  seems  an  abandonment  of  terms  of  great  conve- 
nience to  change  them  for  others  involving  hypotheses  which  may 
not  eventually  prove  tenable,  or  which  may  prematurely  general- 
ise local  facts. 

Our  geological  nomenclature  is  certainly  not  at  present  in  the 
most  desirable  state,  being  a  compound  of  names  added  from 
time  to  time  as  geology  has  advanced,  without  regard  to  any 
fixed  principle.  In  this  respect  it  does  not  differ  from  the  early 
nomenclature  of  most  sciences,  and  we  are  for  from  wishing  to 
resist  changes  in  it ;  on  the  contrary,  we  fully  admit  that  it  would 
be  highly  advantageous  that  groups  should  be  formed  and  names 
given  to  them  which  should  be  capable  of  embracing  large 
portions  of  the  earth's  sur&ce.  We  merely  desire  that  this 
should  be  accomplished  on  fixed  principles,  and  the  nomen- 
clature founded  on  large  views  of  the  earth's  general  structure, 
derived  from  a  knowledge  of  facts  over  widely-extended  areas.     If 
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we  calmly  view  our  existing  knowledge^  it  can  scarcely  be  consi- 
dered that  the  true  relative  structure  of  extensive  portions  of  the 
earth's  surface  are  yet  sufficiently  understood  to  frame  a  nomen- 
clature of  this  order.  The  general  knowledge  required  is  ad- 
vancing rapidly,  and  the  inconvenience  of  the  present  nomencla- 
ture is  beginning  to  press,  more  particularly  when  the  geological 
structure  of  distant  parts  of  the  world  is  brought  into  com- 
parison with  that  of  the  European  area.  We  may  anticipate 
that  at  no  very  distant  period,  when  such  comparisons  shall  be- 
come disentangled  from  the  relics  of  the  old  doctrine  of  universal 
formations  which  now  so  frequently  lurk  in  them,  and  embarrass 
useful  generalisation,  a  state  of  knowledge  will  exist  highly 
favourable  for  the  formation  of  a  good  geological  nomenclature. 
If  the  names  '  Cambrian  and  Silurian  Systems,'  which  have 
lately  been  suggested  in  England  to  supply  the  place  of  the  term 
grauwacke,  be  merely  employed  as  provisional,  or  because  conve 
nient  for  local  description,  they  would  be  far  from  objectionable, 
it  being  understood  that  these  systems  form  portions  of  a  general 
mass  of  matter  deposited  at  a  given  geological  period  over  widely 
different  parts  of  the  earth's  surface,  bearing  some  general  name 
which  does  not  carry  with  it  the  inference  that  a  system  of 
depoats  in  one  part  of  the  general  area  is  necessarily,  though 
contemporaneous,  the  system  of  deposits  in  another.  It  b  im- 
materiad  what  that  general  name  may  be,  provided  that  by  it 
we  understand  the  deposits  of  a  given  geological  epoch,  without 
presupposing  a  given  system  common  to  all. 

To  extend  these  names,  as  lias  already  been  done,  to  any  series 
of  beds  in  other  localities  without  proof  that  the  systems  cor- 
respond with  each  other  in  the  order  and  kind  of  their  constitu- 
ent rocks,  and  in  the  contained  organic  remains,  merely  from  a 
supposition  that  they  correspond  in  date^  is  prematurely  to  ge- 
neralise local  focts,  and  something  Uke  a  return  to  the  old 
doctrine  of  universal  formations.  It  also  supposes,  in  the  case 
of  sedimentary  deposits,  that  detrital  matter  has  been  strewed 
exactly  in  the  same  manner,  enveloping  exactly  the  same  organic 
remains,  over  all  parts  of  the  world,  where  deposits  were  taking 
place  at  the  same  time,  otherwise  a  sedimentary  system  in  one 
plaee  could  not  be  taken  as  a  model  of  the  sedimentary  systems 
of  equal  geological  date  over  all  parts  of  the  world. 

It  would  be  far  from  difficult  to  show  that  the  extended  use  of 
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local  names  has,  in  many  instances,  greatly  impeded  the  progress 
of  geology,  more  particularly  when  authors,  deeply  imhued  with 
the  opinion  that  given  organic  remains  can  only  be  found  in  one 
system  of  rocks,  and  even  in  minute  portions  of  that  system,  have 
carried  their  local  names  to  different  parts  of  the  earth's  surface, 
as  if  every  accumulation  of  mud,  silt,  sand,  gravel,  or  calcareous 
matter,  must  be  continuous  over  it,  tenanted  by  the  same  creatures, 
or  enveloping  the  same  drifted  animals  and  plants,  without  for  a 
moment  considering  the  physical  causes  to  which  such  accumula- 
tions must  be  due. 

In  thus  objecting  to  the  names  Cambrian  and  Silurian 
Systems,  as  those  given  to  the  upper  and  lower  portions  of  the 
detrital  accumulations  of  a  given  geological  epoch,  to  the  exclu- 
sion of  any  general  name  applicable  to  the  whole,  and  endeavour- 
ing to  show  that  we  already  possess  one  which  may  be  con- 
veniently, in  the  present  state  of  science,  retained  for  the 
latter  purpose,  we  are  particularly  anxious  to  avoid  any  seeming 
disrespect  to  the  labours  themselves  on  which  these  names  have 
been  founded.  The  value  of  the  Cambrian  and  Silurian  re- 
searches of  Professor  Sedgwick  and  Mr.  Murchison  cannot  be 
doubted ;  that  these  researches  will  most  materially  advance  our 
knowledge  of  the  series  of  rocks  under  consideration  is  equally 
unquestionable ;  the  latter  geologist  has  dedicated  several  years 
to  the  detailed  study  of  the  upper  part  of  the  grauwacke  group, 
which  was  either  previously  misunderstood  or  unknown,  and  the 
importance  of  the  facts  thus  brought  to  light  is  undeniable.  It 
is  precisely  because  we  do  consider  these  researches  important 
that  we  are  desirous  of  seeing  the  names  proposed  restricted  to 
the  rocks  in  the  countries  which  give  rise  to  them,  employing  the 
facts  brought  to  light  as  a  well- ascertained  local  series,  with  which 
we  may  compare  those  observable  in  other  countries,  without,  by 
affixing  a  local  name  to  a  series  of  rocks  in  those  other  countries, 
leading  our  attention  away  from  the  general  conditions  which 
may  have  influenced  the  deposits  of  more  widely  extended 
masses,  and  of  which  that  whence  the  local  name  was  derived 
may  only  constitute  a  part. 

If  it  be  objected  to  the  term  grauwacke,  that  originally  it  was 
merely  the  German  miner's  name  for  a  particular  kind  of  arena- 
ceous  rock  occurring  on  the  Harz,  and  that  subseqently  the  name 
was  applied  to  the  mass  of  rocks  of  a  given  epoch  among  which 
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the  original  rock  formed  a  subordinate  and  component  part^  the 
Uke  objection  would  hold  good  with  regard  to  the  names  lias^ 
cretaceous  rocks,  odiitic  series^  and  many  others ;  for  lias  was  only 
the  name  of  the  Somersetshire  quarrymen  for  the  argillaceous 
limestone  beds  forming  a  part  of  the  rocks  to  which  the  term  lias 
is  noir  applied,  being  frequently  limited  by  the  quarrymen  to  two 
or  three  of  those  beds,  and  being  also  sometimes  extended  to 
other  limestones,  such  as  those  of  the  carbonaceous  series  at 
Holcomb  Bogus  and  Westleigh,  in  Devonshire.  Actual  chalk 
constitutes  only  a  portion  of  the  cretaceous  series,  which  in  some 
countries  does  not  even  afford  this  particular  kind  of  carbonate  of 
lime.  Sands,  clays,  and  compact  limestones  constitute  the  major 
portion  of  the  oolitic  series  even  in  the  countries  where  the  oolitic 
limestones  are  well  developed,  and  the  oolitic  character  is  more- 
over absent  in  some  districts  which  contain  the  equivalent  of  that 
series,  while  the  same  character  exists  in  rocks  both  older  and 
more  modem  than  it.  Objections  of  this  kind  are  objections  to 
this  order  of  nomenclature  generally,  and  to  many  existing  geo- 
logical names,  and  therefore  should  be  considered  collectively 
with  all  the  others  similarly  circumstanced."^ 

The  grauwacke  of  Cornwall,  Devon,  and  West  Somerset 
would  appear  to  bear  considerable  general  resemblance  to  equi- 
valent rocks  in  Normandy  and  Brittany,  divided  by  MM.  Elie 
de  Beaumont  and  Dufrenoy  into  superior  and  inferior  transi- 
tion rocks;  descriptions  of  which,  with  those  of  other  deposits 
considered  equivalent  to  either  the  one  or  the  other  of  these 
divisions,  were  published  by  M.  Burat  in  1834.f  This  kind 
of  dassification  merely  requires  that  at  a  given  geological  epoch 
sedimentary  deposits  of  various  kinds,  in  some  localities  inter- 
mingled with  contemporaneous  igneous  products,  were  accumu- 
lated in  different  parts  of  the  earth*s  surface.  As  regards  those 
portions  now  seen  in  Europe,  they  are  merely,  for  convenience, 
divided   into  two  parts,    an  upper  and  a  lower,   without   pre- 

*  It  has  been  objected  to  grauwacke,  regarded  solely  as  a  word,  that  it  jars 
banhly  on  tbe  car.  If  this  be  a  sufficient  reason  to  constitute  a  fatal  objection  to 
scientific  names,  and  that  all  which  do  no  not  sound  harmoniously  are  to  be  swept 
away,  the  namber  which  in  that  case  must  be  removed  would  materially  abridge 
scieotific  dictionaries,  more  particularly  if  those  compounds  are  included  in  which 
perta  of  two  or  three  languages  are  often  strangely  and  not  oTer-harmoniously 
mixed  together  in  one  word. 

t  ITAubtiisaon's  Traite  de  G^ognosie,  ^  Edition,  torn,  ii.,  par  Am6d6e  Burat, 
1834. 
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supposing  that  the  system  of  accumulatioos  in  one  part  of  even 
the  European  area  is  of  necessity  the  same  with  that  In  an- 
other; much  less  that  it  must  correspond  with  any  accumula- 
tions which  may  have  taken  place  in  more  distant  parts  of  the 
world.  Thus  leaving  it  to  be  determined  how  far  any  local  causes 
may  have  produced  corresponding  effects  horizontally^  and  per- 
mitting us  by  unbiassed  researches  to  trace  the  varied  condition  of 
the  earth's  surface  at  given  times^  by  such  evidence  as  the  present 
dry  land  can  afford  us. 

In  1814  the  Rev.  J.  J.  Conybeare  pointed  out  the  general 
mineralogical  difierence  between  a  large  portion  of  the  rocks  in 
North  Devon  and  those  of  other  parts  of  Cornwall  and  Devon.* 
In  1823  the  same  author  commenced  a  more  detailed  account  of 
the  slate  rocks  of  Devon  and  Cornwall^  which  he  did  not  live  to 
complete,  f     He  divided  these  rocks  into — 

I.  Metalliferous,  or,  more  strictly  speaking,  cupriferous  and 
stanniferous  slate,  including  various  porphyritic  and  felspathic 
rocks  (elvans),  and  occasionally  greenstone.  This  he  terms  the 
inferior  slate. 

II.  Slate  which  he  terms  superior,  containing  no  elvans,  but 
abounding  much  more  in  gi*eenstone,  especially  its  obscurer 
varieties,  and  in  dark-coloured  limestones.  Sparingly  metal- 
liferous, containing  no  tin,  and  more  productive  of  lead  than  the 
inferior.     Occasionally  containing  organic  remains. 

III.  Stratified  rock;  exhibiting  the  general  character  of  a  con- 
glomerate or  sandstone,  alternating  with  tender  slate,  and  occa- 
sionally associated  with  coralline  or  shelly  limestone.  It  contains 
no  metallic  veins,  and  few,  if  any,  rocks  of  the  greenstone  kind. 
''  This  rock  might,  perhaps,"  he  remarks,  "  be  regarded  as  form- 
ing the  upper  part  of  No.  2,  and  both  would  probably,  by  most 
geologists,  be  termed  grauwacke." 

In  1830  and  1831  Dr.  Boase,  in  his  'Contributions  towards  a 
Knowledge  of  the  Geology  of  Cornwall,'t  adopts  Mr.  J,  Cony- 
beare's  twofold  division  of  the  Cornish  slates^  proposing,  however, 
the  names  of  porphyritic  and  calcareous,  instead  of  those 
of  inferior  and  superior.     '•  Most  of  the  rocks  of  the  calcai^ous 

«  Memoranda  relatively  to  GloTelly^  North  DcYon. — Geol«  ThuuactioiUy  voL  iii. 
p.  498, 1814. 
f  On  the  Geology  of  Devon  and  Cornwall. — Annali  of  Pfailoeoiphy,  1823, 
X  Transaction!,  Geol.  Soc«  of  Cornwall,  vol.  iv.  p,  383. 
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series,"  this  author  remarks,  in  1834> ''  appear  to  be  referrible  to 
the  older  portion  of  that  class  which  is  intermediate  between  the 
primary  and  the  secondary;  commonly  known  by  the  name  of 
transition."* 

In  1836  Professor  Sedgwick  and  Mr.  Murchison  read  a 
memoir  before  the  meeting  of  the  British  Association  for  the  Ad« 
yancement  of  Science,  held  that  year  at  Bristol,  in  which  they 
separated  the  upper  mass  of  rocks  of  North  Devon  which  had 
hitherto  been  termed  grauwacke  from  the  lower,  stated  that  these 
rocks  rested  in  a  trough-like  cavity  extending  east  and  west,  and 
concluded  that  they  had  been  improperly  classed  with  the  lower 
series ;  inasmuch  as  they  considered  these  rocks  to  be  equivalent 
to  the  beds  usually  termed  coal  measures.  The  inferior  rocks 
they  divided  into  five  subordinate  groups.f 

In  1837  the  same  authors  read  a  communication  to  the  Geolo* 
gicai  Society  of  London,  on  the  physical  structure  of  Devonshire, 
and  on  the  subdirisions  and  geological  relations  of  its  older  strati- 
fied deposits.  In  this  memoir.  Professor  Sedgwick  and  Mr.  Mur- 
chison notice  the  slates  and  associated  rocks  of  both  North  and 
South  Devon,  and  state  their  views  respecting  the  identity  of  certain 
minor  groups  in  each.  They  conclude  that  these  minor  groups 
of  North  and  South  Devon  are  newer  than  the  rocks  of  Snowdou 
and  Central  Cumberland  (lowest  part  of  the  Cambrian  System 
of  Professor  Sedgwick),  and  older,  with  a  very  limited  exception 
in  North  Devon,  than  the  Silurian  System  (of  Mr.  Murchison)  : 
they  therefore  place  them  in  the  upper  and  middle  parts  of  the 
Cambrian  System ;  from  the  more  ordinary  appearance  of  which 
they  consider  them  chiefly  distinguished  by  the  greater  abun- 
dance of  cakareous  matter  and  fossils.  The  rocks  of  the  centre 
of  North  Devon  are  described  as  coal  measures,  and  divided  into 
two  minor  groups.^ 

Before  we  proceed  more  fully  to  notice  the  minor  divisions  of 
the  grauwacke  group,  it  is  necessary  to  advert  to  the  difficulty 
frequently  experienced  in  parts  of  the  area  under  consideration  of 
being  certain  of  the  true  direction  and  inclination  of  the  beds, 

*  TratiiM  on  Primary  Geology,  p.  38* 

t  OMRficatioD  of  the  old  sUle  rocks  of  the  north  of  DeYonahire,  and  on  the 
tme  position  of  the  Culm  Bepoeita  in  the  central  portion  of  that  county,-  BeporU 
of  the  Meeting  of  the  British  Association,  vol.  v.  p.  95. 

{  Proceedings  of  the  Geological  Society  of  London,  voL  iif  p.  556. 
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more  particularly  where  extensive  tracts  of  argillaceous  slate 
prevail,  in  consequence  of  those  divisional  planes  to  which  the 
terms  lamination  and  cleavage  have  been  given,  lliese  lami- 
nation planes  vary  from  a  perfect  parallelism  with  the  planes  of 
the  beds  to  very  considerable  angles  with  them,  and  are  some« 
times  constant  in  their  direction  and  dip  while  the  beds  they 
traverse  are  much  contorted.  This  fact  is  not  new,  similar  facts 
have  been  noticed  by  Professor  Sedgwick,*  but  it  is  one  which 
greatly  embarrasses  a  correct  judgment  of  the  true  dips  of  the 
beds  themselves,  where  sections  of  neither  cliffs,  ravines,  nor  deep 
artificial  excavations  can  be  obtained.  The  accompanying  sec- 
tion (Fig.  2)  of  part  of  the  cliflFs  between  Morte  and  Bull  Points, 
near  Ilfracombe,  will  illustrate  the  constancy  of  the  lamination  in 

Fig.  2. 


direction  and  dip,  while  the  beds  themselves  are  contorted ;  so 
that,  while  the  planes  of  the  former  are  sometimes  parallel  to  the 
latter,  at  others  they  are  at  right  angles  to  it,  every  intermediate 
angle  being  found  according  to  the  meeting  of  the  variable  curves 
of  contortion  and  the  constant  planes  of  lamination.  The  thin 
diagonal  lines  in  the  figure  represent  the  lamination,  the  thick 
lines  the  divisions  of  the  contorted  beds+. 

There  is  also  another  embarrassing  circumstance  connected  with 
this  subject,  which  is  merely  here  mentioned  to  show  the  difiSculty 
which  sometimes  attends  the  true  determination  of  the  dip  and 
direction  of  the  grauwacke  beds,  as  we  shall  have  1o  notice  it  more 
at  large  in  another  place,  in  connection  with  other  divisional 
planes  in  rocks.  While  the  planes  of  lamination  for  the  most  part 
coincide  in  direction  with  those  of  the  beds,  at  whatever  angle 
they  may  cut  them  vertically,  they  do  not  always  do  so.  The 
most  striking  fact  of  this  kind  with  which  we  are  acquainted  in 
the  district  is  one  occurring  at  Sharkham  Point,  near  Brixham, 

*  Remarics  on  the  Structure  of  large  Mineral  Masses,  Geol.  Trans.  2nd  Series 
vol.  ill.  p.  470,  476,  and  Figs.  4,  4a,  and  5. 

t  Dr.  Boase  has  remarked  on  the  difficulty  of  distinguishing  true  beds  in  the 
slates  of  Cornwall,  in  consequence  of  the  divisional  planes  in  the  same  rocks,  caused, 
probably,  he  considers,  by  a  kind  of  crystalline  arrangement  of  parts. — ^Treatise  on 
Primary  Geology,  chaps,  vi.  and  xii  (1834.) 
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Devon,  which  was  pointed  out  to  us  by  Mr.  Austen.  Beds 
of  limestone,  resting  on  slate,  are  there  seen  to  dip  at  a  moderate 
angle  about  west-south-west,  while  they  are  traversed  by  lamina- 
tion planes,  rendering  the  whole  schistose  in  one  directipn^  dipping 
at  a  high  angle  to  about  south-east.  It  is  diflScult  to  represent 
this  feet  on  paper,  but  the  following  sketch  (Fig.  3)  may  assist 
in  making  it  understood.     Let  A  B  represent  a  block  of  large 


e      b  e        b 


dimensions  cut  out  of  the  hill,  the  lines  marked  b  showing  the 
planes  of  the  true  beds,  traceable  by  lines  of  organic  remains,  and 
an  interstratified  slate  bed,  and  those  marked  c  representing  the 
planes  of  lamination,  planes  rendering  the  limestone  schistose  in 
a  direction  different  from  that  of  the  real  beds,  yet  coinciding 
with  similar  planes  in  the  adjoining  slate.  The  liability  to  arrive 
at  erroneous  conclusions  respecting  the  direction  and  dip  of  the 
beds  will,  in  this  case,  be  readily  understood,  more  particularly 
when  it  is  further  stated  that  the  lamination  is  a  striking  feature, 
and  the  beds  comparatively  obscure.* 

Although  the  grauwacke  of  South  Devon  and  Cornwall  forms 
a  more  continuous  mass,  as  regards  surface,  than  the  equivalent 
rocks  in  North  Devon  and  Somerset,  the  latter  present  far  greater 
facilities  for  study,  inBsmuch  as,  though  often  much  contorted  at 
right  angles  to  the  line  of  direction  of  the  constituent  beds,  a 
certain  general  succession  of  minor  sedimentary  deposits,  sparingly 

^  An  notice  of  those  other  divisional  plaoes,  usually  termed  joints,  which  also  cut 
tfaxoogh  these  rocks,  has  been  purposely  omitted,  as  it  was  considered  that  the  figure 
would  have  been  so  confused  by  their  insertion  as  to  have  been  rendered  altogether 
unintelligible. 
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intenningled  with  calcareous  matter  in  sufBcient  quantity  to  con- 
stitute limestones,  may  there  be  easily  traced,  particularly  by  the 
aid  of  the  coast  section  extending  from  the  Foreland,  near  Linton, 
to  Fremington,  between  Bideford  and  Barnstaple,  on  the  tidal 
part  of  the  Taw.  The  section,  pi.  3,  fig.  1,  will  show  the  succession 
of  beds  as  seen  on  this  coast.  It  must,  however,  be  stated,  that 
this  section  does  not  altogether  afford  a  true  view  of  the  mine- 
ralogical  character  of  the  various  and  successive  beds  in  a  line 
extending  from  the  Foreland  at  right  angles  across  them  to  the 
southward.  lathe  latter  line  several  modifications  of  the  minor 
systems  of  deposits  exhibited  on  the  coast  are  found — modifications 
which  appear  to  depend  partly  on  the  distances  from  the  coast 
and  partly  on  the  kind  of  detrital  matter  forming  the  beds,  sand- 
stones being  more  inclined  to  vary  in  the  line  of  direction  than 
slates. 

To  make  this  section,  pi.  3,  fig.  1,  true  as  to  the  relative  thick- 
ness of  the  minor  systems  of  beds,  it  has  been  necessary  to  shorten 
the  line  of  coast  in  parts,  in  conformity  with  a  section  at  right 
angles  to  the  direction  of  the  several  minor  systems  as  they  arrive 
at  it.  Thus,  as  the  coast  section  from  the  Foreland  to  Bull  Point, 
near  Morthoe,  a  distance  of  about  twenty-one  miles  (including 
the  larger  irregularities,  but  not  the  minor  bays  and  pobts),  is 
longer  by  about  six  miles  and  a  half  than  the  whole  inland  section 
of  Ihe  grauwacke  from  the  Foreland  to  its  southern  boundary  near 
South  Moulton,  it  is  made  to  accord  with  about  so  much  of  the 
whole  section  as  would  correspond  with  the  thickness  of  the  con- 
stituent beds  between  the  Foreland  and  the  vicinity  of  South 
Moulton.     From  Bull  Point  to  the  headland  on  the  north  of 
Braunton  Burrows,  the  greater  part  of  the  .coast  section  is  suffi- 
ciently at  right  angles  to  the  bearing  of  the  beds  to  be  represented 
as  it  actually  occurs.     From  the  latter  headland  to  Fremington, 
much  of  the  section  requires  to  be  treated  as  that  from  the  Fore- 
land to  Bull  Point     Although  such  a  section  does  not  give  a  true 
view  of  that  at  right  angles  to  the  direction  of  the  beds  from  the 
Foreland  to  the  southward,  it  is  nevertheless  highly  useful,  by 
affording  a  general  idea  of  the  succession  of  the  various  deposits^ 
the  modifications  of  which  can  afterwards  be  traced  across  other 
parts  of  the  country.     The  section,  pi.  3,  fig.  1,  is  proportional, 
that  is,  the  scale  of  heights  and  distances  are  the  same,  and  about 
four  inches  to  the  mile. 
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Commencing  with  the  Foreland  on  the  north,  we  find  a  series  of 
sandstones,  very  frequently  coarse-grained,  and  most  commonly 
siliceoiis,  in  beds  of  variable  thickness,  some  being  schistose.  The 
sandstones  are  associated  with  argillaceous  slates,  and  the  whole 
is  of  various  tints  of  red,  grey,  and  brown.  From  the  variable 
indurations  of  these  beds  they  have  been  unequally  decomposed 
or  remored  by  the  united  action  of  the  atmosphere  and  sea,  as  is 
more  particularly  observable  on  the  western  side  of  the  Foreland, 
which  is  exposed  to  the  strong  prevalent  winds  and  the  consequent 
destructive  action  of  the  breakers.  The  contortions  are  remark- 
able, and  much  care  has  been  taken  to  represent  them  correctly 
in  the  section  as  seen  from  a  boat.  Notwithstanding  the  minor 
contortions,  the  beds  make  a  general  curve,  and  form  an  irre- 
gular arch,  those  which  plunge  at  a  high  angle  to  the  north 
towards  the  Foreland  Point  itself  having  a  reverse  dip  towards  the 
interior. 

The  red  beds  are  very  distinctly  seen  to  rise  from  beneath  the 
grey,  to  be  next  noticed,  near  Watersmeet,  and  the  system  of 
reddish  sandstones  which  occurs  above  the  Linton  grey  beds,  in 
the  ascending  order,  does  not  approach  nearer  to  the  valley  of 
the  Lyne,  on  the  southward,  than  Cherriton,  about  a  mile  and  a 
half  distant,  whence  its  northern  boundary  can  be  traced  in  the 
line  of  its  strike  by  Dean  and  Six  Acres  to  Woodabay,  approach- 
ing there  towards  Lee  Cove. 

The  red  beds  can  also  be  seen  to  emerge  from  beneath  the 
prey  under  Linton,  the  one  seeming  to  pass  into  the  other  by 
alternations,  and  the  red  being  sometimes  somewhat  calcareous. 
They  are  both  much  broken  by  faults  in  the  valley,  as  can  readily 
be  observed  along  the  new  road,  and  still  better  to  the  west  of  the 
harbour  at  Lynemouth.  This  line  of  fault  or  faults  seems  to 
coincide  with  the  general  bearing  of  the  valley  from  Lynemouth 
to  Watersmeet. 

The  grey  beds  vary  from  a  coarse  argillaceous  slate  to  a  sand- 
stone, most  commonly  schistose.  They  are  often  impregnated 
with  calcareous  matter,  which  is  most  prevalent  in  the  vicinity  of 
those  seams  which  contain  casts  of  broken  vertebral  columns  of 
encrinites,  and  of  productse,  spirifers,  and  corals — fossils  few  of 
nhich  we  found  in  a  determinable  condition.  These  beds  can 
be  well  studied  in  the  Valley  of  Rocks  near  Linton  ;  but,  as  the 
coast  trends  for  some  distance  along  the  direction  of  the  beds,  care 
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must  be  taken  not  to  confound  the  undulations  along  the  line  of 
strike  for  the  true  dip.  This,  though  occasionally  very  slight, 
can  be  best  seen  at  the  coves  to  the  east  and  west  of  Lee^  and  on 
the  rocky  ground  on  the  south  of  the  Valley  of  Rocks. 

These  grey  calciferous  grits  and  schists  pass  upwards  into  an- 
other minor  system,  apparently  of  considerable  thickness,  com- 
posed of  red,  claret-coloured,  brown,  and  grey  sandstones  and 
slates,  the  former  greatly  predominating.  From  the  small  angle 
at  which  the  line  of  direction  of  tl^esebeds  meets  that  of  the  coast 
from  the  east  part  of  Woodabay  to  the  Little  Hangman  Hill 
near  Combe  Martin,  they  form  the  cliffs  for  about  seven  miles, 
their  characters  but  slightly  varying  during  the  distance. 

A  very  excellent  natural  section  is  afforded,  on  the  western  cliff 
of  the  Little  Hangman  Hill,  of  the  upper  part  of  this  system  of 
grits  and  slates,  which  is  succeeded  in  the  ascending  order  by 
grey  and  claret-coloured  argillaceous  slates,  resting  upon  highly- 
inclined  beds  of  red  sandstone  beneath  them.  Grey  predominates 
in  the  upper  part  of  these  slates,  and  among  them  are  seen  sand- 
stone beds,  the  whole  covered  by  brown  and  red  grit,  partly 
schistose,  and  not  very  different  in  general  character  from  those 
of  the  Hangman  Hills. 

We  now  arrive,  in  the  ascending  order,  at  grey  argillaceous 
slates,  generally  of  a  fine  grain,  which  contain  the  argentiferous 
lead-mines  of  Combe  Martin,  lead  and  copper  also  occurring 
partly  in  the  grits  beneath  them  at  Knap  Down.  If  we  were  to 
split  up  the  mass  of  rocks  into  arbitrary  divisions,  the  slates  might 
be  regarded  as  the  lower  part  of  a  series  comprising  the  Combe 
Martin  limestones  and  grey  argillaceous  slates,  with  intermingled 
grits  (that  are  sometimes  calcareous  and  fossiliferous),  which  ex- 
tends a  short  distance  beyond  llfracombe. 

The  Combe  Martin  limestones  do  not,  as  has  been  supposed, 
form  regular  bands  continuous  for  considerable  distances  through 
the  country.  They  seem  to  constitute  lenticular  masses  of  variable 
size,  developed  amid  argillaceous  slates,  some  fining  off  very  gra- 
dually, others  more  abruptly.  In  the  vicinity  of  Combe  Martin 
they  are  more  numerous  than  towards  llfracombe  on  the  W.N.W., 
or  towards  Kentisbury  on  the  E.S.E.,  and  sections  across  these 
and  the  accompanying  beds,  taken  a  mile  apart  from  each  other, 
would  not  give  the  same  number  of  limestone  patches.  The 
limestones  and  their  accompanying  slates  are  occasionally  fossil- 
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iferous^  encrinites,  as  usual  among  these  grauwacke  limestoneSi 
being  not  unfrequent.  The  limestones  are  principally  schistose, 
and  of  a  dark  grey  colour,  sometimes  approaching  blacky  and  then, 
perhaps,  being  somewhat  carbonaceous.  As  might  be  expected^ 
siliceous  rocks  being  associated  with  them,  they  are  sometimes 
trarersed  by  quartz  veins. 

From  the  vicinity  of  Ilfracombe,  argillaceous  slates,  principally 
grey,  intermingled  in  an  irregular  manner  with  grits,  which  are 
most  frequently  schistose,  form  the  coast  to  Bull  Point,  near 
Mortehoe.  From  this  point  to  Woolacombe,  fine-grained  argil- 
laceous slate  is  the  prevailing  and  almost  sole  rock.  It  is  much 
traversed  by  quartz  veins  at  M orte  Point,  and  between  Mortehoe 
and  Woolacombe,  the  dark  ground  of  the  slate,  and  the  white 
of  the  quartz  veins  having  a  marked  appearance.  These  beds 
seem  to  have  been  subjected  to  considerable  force,  as  shown  by 
the  quartz  veins  and  the  contortions  of  the  beds.  We  have  above 
(p.  44)  called  attention  to  some  contortions  traversed  by  cleavage 
lines  between  Bull  Point  and  Morte  Point.  In  part  of  the  little 
cove  where  the  section  of  these  contortions  is  best  seen,  a  long  line 
of  broken  ground  filled  by  quartz,  runs  out  to  sea  from  the  cliff  to 
the  westward,  and  it  is  worthy  of  remark,  that  large  blocks  of 
porphyry,  amilar  to  the  Cornish  elvans,  are  found  on  the  beach, 
too  numerous  and  of  too  large  a  size  to  have  been  brought  there 
by  man.  Though  we  were  unable  to  detect  any  porphyry  or 
elvan  dyke  in  place,  the  end  of  such  a  dyke  may,  nevertheless, 
be  visible  at  very  low  spring  tides. 

The  argillaceous  slates  are  succeeded  by  red,  brown,  and  grey 
arenaceous  beds,  mingled  with  some  argillaceous  slates  of  the 
same  colours,  of  which  the  actual  coast  section  is  concealed  by 
blown  sands,  piled  up  against  that  which  appears  to  have  been  a 
low  cliff  at  the  bottom  of  Morte  Bay.  Near  Vention,  on  the 
south  aide  of  Woolacombe  Sands,  the  upper  beds  become  visible 
on  the  coast,  and  here  grey,  greenish  blue,  and  claret-coloured 
arenaceous  strata  of  variable  thickness  may  be  seen,  the  irregular 
decomposition  of  which  is  worthy  of  observation.  These  beds 
contain  strings  of  manganese  ore  mingled  with  quartz. 

Upon  these  beds  are  other  arenaceous  rocks,  generally  grey  or 
bfown,  and  for  the  most  part  schistose  and  micaceous.  They  are 
Gnsiliferous  in  part,  and  contain  casts  of  shells  much  resembling 

B 


Digitized  by  VjOOQiC 


5P  GRAUWACKE  GROUP. 

those  of  a  cucuUflsa.  In  the  upper  part  of  these  arenaceous  rocks, 
more  particularly  in  the  eastern  continuation  of  this  part  of  the 
general  series  in  a  direction  towards  Barnstaple^  we  find  the 
remains  of  plants^  noticed  by  the  Rev.  D.  Williams  in  his  paper 
on  the  grauwacke  of  North  Devon  and  Somerset,  read  before  the 
British  Association  held  at  Liverpool  in  1837.  According  to 
Professor  Lindley,  those  which  he  has  examined  much  resemble 
species  detected  in  the  coal-measures.  Among  them  is  Stigmaria 
/Icoides  (Ad.  Broug.),  one  of  the  commonest  of  the  fossil  plants 
found  in  the  true  coal  measures  of  Great  Britain^  and  of  the  Con- 
tuient  of  Europe,  and  which  is  also  obtained  from  the  upper 
grauwacke  of  Brittany,  at  St.  Georges  Chatellaison,  and  Montre- 
laisj  and  occurs  in  the  grauwacke  of  Bitschweiler  (Department  du 
Haut  Rhin).  There  would  also  appear  to  be  a  Bothrodendron, 
somewhat  resembUng  B.  punctatum,  found  in  the  Newcastle 
coal-field,  and  a  Knorria,  like  Kn.  Sellonii  (Sternberg),  obtained 
from  the  grauwacke  of  Magdebourg,  and  from  Felling  colliery. 
With  these  are  other  plants,  the  species  of  which  are  not  altogether 
so  determinable,  but  possessing  the  general  characters  of  the 
genera  Lepidodendron  and  Stigmaria,  so  commonly  found  in 
the  coal-measures.  Like  most  fossil  plants  preserved  in  arena- 
ceous deposits,  they  are  commonly  not  much  compressed. 

The  upper  arenaceous  rocks  constitute  Baggy  Point,  and  are 
succeeded,  in  the  ascending  order,  by  argillaceous  slates  on  the 
north  side  of  Croyde  Bay.  Intermingled  with  the  argillaceous 
slates,  which  are  generally  coarse,  we  find  more  gritty  beds,  and 
occasionally  seams  of  a  rotten  ferruginous  substance,  among 
which  are  numerous  casts  of  trilobites,  encrinites,  products^,  spi- 
rifers,  &c. 

These  beds  graduate  upwards  into  slates,  which  contain  more 
calcareous  matter,  sandstones  being  occasionally  intermingled 
with  them.  The  abundant  remains  of  trilobites  have  been  detected 
in  them  by  Major  Harding  and  the  Rev.  D.  Williams, 

Professor  Phillips  observes  respecting  the  fossils  from  these 
beds,  collected  by  Major  Harding  in  the  vicinity  of  Barnstaple, 
and  kindly  lent  to  us,  that  they  consist  of — 

Zoophyta     .     •     Crinoidea     .     •     •  Stems  undeterminable  as  to  genera. 

Retepora      .     .     •  Obseure  traces  of. 
Conchifera  .     .    Plagimyona .     .     .  iVtioito/ and  several  unknown  forms. 
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liflfomyoiia.     .     .  Ptennea. 

BxachkqpodA     •    •  Ii^ip^^ma;  a  small  species  retembling 
L.  lata  of  the  Upper  Ludlow  Rock* 
Silurian  system. 
Producta,  offering  analogy  to  P.  de- 
preaa  of  the  Wenlock  limestone, 
Silurian  system. 
TerebnUuia  didymaf   Dalman. 
Terebrahdot  analogous  to  T.  plieor 
tella  of  Dalman. 
Molhuea     •     .     Gasteropoda      .     .  PleuroUmaria. 
Cephalq>oda     .     .  Orthoceratitef, 
ftfistaeea    .     •     A  heautiftd  tribolite,  extremely  similar  to  Calymens  ma- 

eropihcUma  (Dalman). 

The  last-mentioned  rocks  pass  gradually  upwards  into  argilla* 
eeous  slatesy  among  which  we  find  lenticular  masses  and  nodules 
of  limestone,  for  the  most  part  containing  organic  remains,  gene- 
rally eacrinites.  The  natural  section  is  then  concealed  by  the 
Taw,  but  on  the  east  of  Barnstaple  these  beds  are  seen  to  form  a 
portion  of  a  minOT  system,  of  which  the  argillaceous  slates  on  the 
south  side  of  the  Taw  near  Fremington  constitute  a  part  Between 
Fremington  Point  and  Fremington  Pill  there  is  a  very  excellent 
coast  section,  in  which  these  beds  are  seen  to  graduate  insensibly 
into  those  deposits  which,  for  convenience,  we  have  separated  from 
them  under  the  head  of  carbonaceous  series,  a  passage  that  will 
be  more  particularly  noticed  in  the  sequel. 

If  we  consider  this  section  with  attention,  there  is  nothing  from 
the  Foreland  near  Linton  to  Fremington  Pill,  which  marks  any- 
thing beyond  a  somewhat  tranquil  deposit  of  mud,  silt,  and  sand, 
scantily  mingled  with  calcareous  matter,  the  sedimentary  part  of 
the  depoMt  having  been  derived  from  pre-existing  rocks,  which 
have  undergone  various  degrees  of  comminution,  either  the  supply 
of  detrital  matter  or  the  means  of  transport  having  been  irregular, 
so  that  not  only  have  sands,  silts,  and  mud  become  interstratified 
with  each  other  on  the  small  scale,  but  the  whole  may  be  divided 
into  larger  constituent  masses,  some  marked  by  a  greater  accu- 
mulation of  mud  or  clay,  and  others  by  a  predominant  proportion 
of  sand.  Whatever  might  have  been  the  numerical  amount  of 
the  creatures,  which  from  analogy  we  consider  to  have  been  ma- 
rine, that  tenanted  the  waters  in  which  the  deposit  of  these  detrital 
rocks  were  effected,  the  remains  of  those  now  seen  amid  this  mass 
of  sedimentary  matter,  constitute  a  very  minute  portion  of  it,  therein 
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difTering  from  many  thick  rocks  of  more  modern  date,  the  greater 
proportion  of  which  is  not  unfrequently  formed  of  the  accumulated 
remains  of  organised  bodies.  The  frequent  abundance  of  such 
remains  in  particular  seams,  and  the  larger  proportion  of  such 
seams  in  one  locaUty  more  than  in  another,  might  lead  to  the  sup- 
position that  fossil  organised  bodies  constituted  a  more  important 
part  of  the  mass  than  is  really  the  case.  Some  localities  may 
even  be  termed  rich  in  such  remains ;  but  if  we  look  ai  the  cubic 
contents  of  the  whole,  organic  remains  form  a  very  minute  part 
of  it. 

Notwithstanding  the  diagonal  character  of  the  section  from  the 
Foreland  to  Fremington,  that  portion  which  extends  from  Bull 
Point  to  the  southward  is  sufficiently  far  from  a  line  of  section 
commencing  at  tlie  Foreland  and  extending  nearly  to  South 
Moulton,  about  seventeen  miles,  to  judge  of  any  modification 
which  the  rocks  may  have  sustained  in  the  line  of  their  direction 
for  that  distance  to  the  eastward. 

From  the  general  tranquil  character  of  the  causes  which  have 
apparently  produced  the  various  rocks  above  noticed,  no  very  re- 
markable general  modification  would  be  expected  in  a  distance  of 
seventeen  miles  along  their  line  of  strike ;  and  accordingly  we 
find  a  very  general  resemblance  in  the  two  sections.  There  may 
probably  be  a  little  more  sandstone  in  one  portion  of  one  general 
section,  than  in  a  corresponding  part  in  the  other,  but  on  the 
whole  there  is  much  uniformity.  Thus,  though  there  may  be, 
near  Challacombe,  more  of  a  union  of  the  argillaceous  slates 
and  associated  calcareous  matter  of  Combe  Martin  with  the  grits 
and  argillaceous  slate-beds  of  the  west  of  Ilfracombe,  the  fine 
argillaceous  slates  of  Mortehoe  seem  to  come  nearly  in  their 
places  at,  and  to  the  southward  of,  Challacombe,  forming  also  the 
northern  part  of  Breddon  Down.  The  grey  and  brown  sand- 
stoneSj  chiefly  schistose,  of  the  principal  part  of  Breddon  Down, 
appear  to  repi-esent  the  grits  of  Kckwell  Down,  above  Morte  Bay. 
The  lighter  brown,  and  frequently  schistose  grits,  between  Stoke 
Rivers  and  High  Bray,  and  of  the  adjacent  country,  come  in  the 
place  of  the  Baggy  Point  saiidstones. 

If  we  take  another  section  from  the  neighbourhood  of  Wivelis- 
combe  to  the  north  and  south,  which  will  be  about  twenty  miles 
from  the  last,  and  consequei^ly  about  thirty-eight  miles  from  part 
of  the  first  section  from  Bull  Point  to  Braunton  Burrows,  we  still 
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perceive  certain  generalities  bearing  much  resemblaaoe  to  each 
other.  Thus,  considering  the  grits  of  Croydon  Hill  to  represent 
the  sandstones  of  the  Hangman  HiUs  and  Martinhoe ;  the  Lux- 
borough  and  TrehoTough  limestones^  curving  round  them  on  the 
eastward,  to  occupy  the  place  of  the  limestones  of  Combe  Martin ; 
the  grits  and  slates  of  Brendon  Hill  to  correspond  in  position 
with  those  of  the  country  between  Ilfracombe  and  Bull  Point ; 
the  fine  argillaceous  slates  of  Clatworthy  to  represent  those  of 
MoTthoe  ;  the  red  sandstones  of  Main  Down,  near  Wiveliscombe, 
to  come  in  the  place  of  the  red  and  brown  sandstones  behind 
Woolacombe  Sands,  there  is  a  correspondence  of  certain  gene- 
ralities ^Yuch  is  sufficiently  marked  and  striking.  The  various 
roc\Ls  iprhich  occur  above  the  red  sandstones  of  Main  Down,  and 
the  inferior  portion  of  the  carbonaceous  series  near  Stawley  and 
Clayhanger,  do  not  certainly  agree  very  closely  in  mineral  cha- 
rau^ter  with  those  observable  near  Baggy  Point,  Braunton,  and 
Barnstaple,  and  perhaps,  vrith  the  exception  of  some  argillaceous 
slates  intermingled  with  arenaceous  matter,  containing  seams  of 
a  rotten  and  ferruginous  substance,  full  of  organic  remains^ 
similar  to  those  which  are  found  near  Barnstaple,  there  is  little 
mineralogical  resemblance  between  them.  If  we  even  take  the 
red  and  claret-coloured  slates  resting  upon  the  red  sandstones  of 
%f  ain  Down  to  represent  the  variegated  grits  of  the  southern  part 
of  Morte  Bay  and  the  rocks  of  Baggy  Point,  the  very  marked  red 
sandstones  and  slates  on  the  north  of  Stawley  and  Clayhanger 
cannot  be  likened  to  any  portion,  viewed  mineralogically,  of  the 
rocks  between  Baggy  Point  and  Fremington  RU. 

Frmn  the  manner  in  which  we  suppose  any  extended  area  to 
he  ccwered  by  a  succession  of  varying  sedimentary  deposits,  it 
could  scarcely  be  expected  that  great  modifications — that  is, 
Tariable  mixtures  of  mud,  silt,  sand,  and  gravel,  would  not  be 
found  in  diflferent  parts  of  it,  so  that,  though  the  whole  area  has 
been  covered  with  detrital  matter  by  the  action  of  general  causes, 
these  general  causes  have  been  subject  to  minor  modifications 
producing  corresponding  eiSects. 

The  Quantock  Hills,  which  emerge  from  the  mantle  of  red 
sandstone  and  conglomerates  that  cover  up  the  eastern  end  of 
the  grauwacke  beds  of  which  we  have  been  treating,  form  a  con- 
tinuation of  the  latter  rocks.  In  the  reddish  and  other  sandstones 
of  West  Quantock's  Head,  Bicknoller,  and  other  northern  por- 
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ticms  of  the  same  hill,  we  seem  to  recopuse  the  sandstones  and 
associated  rocks  of  Croydon  Hill,  and  the  Hangman*s,  while  in 
the  limestones  of  Doddington,  Over  Stowey,  Asholt,  and  Co- 
thektone  Park,  we  have  the  representatives  of  the  Luxborough 
and  Treborough  limestones  mantling  round  them.  The  lime- 
stones, which  point  away  from  Asholt  and  Codielstone  Park^  are 
continued  in  the  direction  of  Enmore  and  Higher  Heathcombe, 
being  covered  on  the  southward  by  a  series  of  slates,  with  ac- 
companying grit  beds,  reminding  us  of  the  rocks  of  Brendon  EGll, 
and  of  the  north  of  Clatworthy. 

It  will  not  fail  to  have  been  observed^  by  reference  to  the  sec- 
tions (plate  3,  figs.  1  and  2),  that,  however  tranquil  we  may 
suppose  the  deposits  of  the  various  muds,  silts»  and  sands  (the 
original  conditions  of  the  different  slates  and  sandstones  now  com- 
posing the  lower  grauwacke  of  North  Devon  and  West  S<mier- 
set)  to  have  been,  the  beds  have  subsequently  suffered  from  the 
action  of  some  powerful  force  which  has  twisted  and  contorted 
them,  BO  that  probably  not  a  single  bed  occupies  exactly  the  same 
poflition  in  which  it  was  first  formed.  What  that  force  may  pro- 
bably have  been  will  be  noticed  in  another  place;  at  present  we 
merely  advert  to  the  fact.  The  extent  to  which  the  slates  have 
been  twisted  is  not  always  very  evident,  their  real  beds  being 
often  traced  with  great  difficulty,  while  the  lines  of  lamination  or 
cleavage  are  so  strongly  marked,  as  almost  to  obliterate  all  traces 
of  them. 

These  contortions  are  principally  in  lines  at  right  angles  to  the 
lines  of  bearing,  or  strike,  as  it  has  been  termed,  of  the  various 
rocks ;  but  they  are  not,  as  indeed  it  coidd  scarcely  be  expected 
they  would  be,  confined  to  that  direction,  undulations  being  also 
found  in  the  course  of  the  strike  itself,  as  can  readily  be  seen  on 
any  extended  line  of  coast  section  cutting  the  line  of  strike  at  a 
small  angle.  Not  only  are  minor  undulations  thus  observable^ 
but  the  whole  mass  seems  to  have  received  some  very  powerful 
contortions  in  a  horizontal  direction,  to  which  the  contortions  at 
right  angles  to  the  bearing  of  the  beds  and  the  undulations  along 
such  line  of  general  strike  may  be  considered  subordinate.  By 
tracing  the  line  of  Combe  Martin  limestones,  or  rather  the  band 
of  argillaceous  slates  in  which  they  are  here  and  there  developed, 
the  form  of  a  great  contortion  will  be  readily  seen,  and  may 
be  represented  by  the  subjoined  sketch  (fig.  4),  a  being  Ufra- 
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combe,  6  Coinbe  Martin,  c  Simonsbath,  Exmoor,  d  Cutoombe, 
e  Littborough^/Treborough,  and  g  Withycombe.     And  if  we  be 


ri^  in  referrihg  the  limestone  of  the  Quantock  Hills  to  the  same 
band,  this  great  contortion  is  carried  round  by  Doddington,  Asholt, 
and  Cothestone  Park,  the  connection  being  concealed  by  the  red 
sandstone  series,  the  lias,  and  the  sea.  As  where  we  have  so  many 
similar  sandstoniM  and  slates,  and  organic  remains  have  not  yet 
beeu  iahly  found  to  distinguish  the  various  larger  bands  of  these 
rocks,  it  is  far  from  easy  to  identify  the  component  parts  of  con- 
torted masses,  when  the  connection  between  them  is  concealed  by 
more  modem  beds ;  this  view  of  the  connection  of  the  Quantock 
HiU  limestones  with  those  mantling  round  Croydon  Hill,  might 
perhaps  be  doubted,  and  the  former  supposed  to  be  some  con- 
tinuous portion  of  the  band^  which  is  so  frequently  calcareous, 
extaiding  from  Barnstaple  to  the  vicinity  of  Dulverton,  and 
which  having  ceased  to  be  calcareous  for  some  distance,  again 
becanae  so  before  it  emerged  from  the  red  sandstone  series  near 
Cothebtone  Park.  On  this  hypothesis  the  slates  and  grits  ex- 
tending from  Broomfield  to  Thurloxton  would  represent  the  lower 
portion  of  the  carbonaceous  series,  still  more  changed  in  its 
course  westward  than  it  is  found  near  Holcomb  Rogus  and 
Ashbrittle.  Whatever  opinion  may  be  entertamed  on  this  head, 
compact  grey  limestones,  similar  to  those  under  notice,  pro- 
bably occur  beneath  the  red  sandstone  series  near  Sampford  Brett 
and  Stogiimber;  for  red  conglomerates  there  worked  for  lime 
abound  in  rounded  stones  and  pebbles  of  a  similar  grey  compact 
limeatooe,  intermingled  with  other  grauwacke  rocks  of  the  vicinity. 
Indeed  a  lai^  proportion  of  the  lime  so  worked  is  obtained  from 
these  rounded  stones. 

To  determine  the  place  which  the  Cannington  Park  limestone, 
near  Bridgewater»  occupies  in  the  grauwacke  series  of  North  Devon 
and  West  Somerset,  is  di£5cult.  The  limestone  is  so  surrounded 
by  red  sandstone,  that  its  clear  connection  with  the  rocks  of  the 
Qnantoek  HiOs  eannot  be  traced  satisfactorily.  At  Cannington 
itsrif,  on  the  south  of  this  limestone,  the  lamination  of  the  slate 
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has  a  southern  dip ;  *and  if  this  should  coincide  with  that  of  the 
true  beds>  the  slate  would  appear  to  rest  upon  the  limestone, 
unless  some  great  fault  should  occur.  From  the  exposure  of  tlie 
grauwacke  on  the  east  of  the  Quantock  Hills,  in  consequence  of 
both  faults  and  denudation,  it  becomes  very,  difficult  to  trace  the 
connection  of  the  insulated  portions  of  slates,  sandstones,  or 
limestones,  as  the  case  may  be,  which  occur  (see  map)  at  Can- 
nington  Park,  Cannington,  Ashford,  Charlinch,  and  Radlet;  and 
the  difficulty  is  not  a  little  increased  by  the  possibility  that  con- 
tortions of  these  rocks  may  take  place  beneath  th^r  covering 
of  red  sandstone  and  lias. 

Quitting  North  Devon  and  West  Somerset,  and  traversing  the 
rocks  which  are  more  modem  than  the  lower  grauwacke  above 
noticed,  we  arrive,  in  Cornwall  and  South  Devon,  at  a  series  of 
slates  and  sandstones,  occasionally  intermingled,  more  particularly 
in  the  latter  locality,  with  grey  compact  limestones.  These  rocks 
are  generally  considered  to  have  been  formed  at  the  same  geolo- 
gical epoch  as  the  grauwacke  of  which  we  have  been  hitherto 
treating.  It  therefore  becomes  highly  important  to  ascertain  how 
far  the  two  masses  may  agree  or  disagree  as  regards  the  mode 
of  occurrence  of  their  constituent  parts,  their  general  mineral- 
structure,  and  organic  character.  For  this  purpose  it  is  de- 
sirable to  examine  a  portion  of  the  southern  rocks,  as  undis- 
turbed as  we  can  find  them,  rising  from  beneath  the  superincum- 
bent carbonaceous  beds,  should  such  be  found. 

With  this  object  in  view,  we  proceed  to  consider  the  rodts  on 
the  coast  of  Cornwall  near  Boscastle,  Trevelga,  and  Tintagel, 
"Cohere  grauwacke  slates  and  grits  emerge  from  beneath  the  car- 
bonaceous system  of  North  Devon,  and  where  the  beds  of  the 
former  are  merely  forced  seaward  in  a  great  curve  by  the  protru- 
sion of  the  neighbouring  granite  at  a  subsequent  period.  Beneath 
the  carbonaceous  grits  and  slates  of  Boscastle  (pL  4,  fig.  1)  we 
find  argillaceous  slates,  much  of  which  is  of  sufficiently  fine  grain 
to  be  worked  as  roofing- slates,  the  dip  being  northerly  and  under 
the  carbonaceous  grits  and  slates.  In  consequence  of  the  great 
horizontal  curve  of  the  beds,  the  slates  are  brought  round  by 
Tintagel  (where  the  roofing-slates  are  also  worked)  to  the  cele- 
brated Delabole  slate- quarries.  In  tracing  this  minor  system 
of  slates,  we  soon  perceive  that  we  have  rocks  intermingled  with 
it  of  which  there  is  no  trace  in  North  Devon  and  West  Somerset. 
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They  ooDsist  of  schistose  beds,  strongly  reminding  us  of  the  sub- 
stance of  greenstone,  finely  comminuted  and  permitted  to  settle 
in  water,  in  which  calcareous  matter  was  occasionally  present* 
The  principal  mineral  substance  has,  as  Dr.  Boase  observes*, 
an  external  character  between  hornblende  and  chlorite.  These 
rocks  form  part  of  a  general  series  of  variable  appearance,  being 
sometimes  slightly  coherent,  reminding  us  of  the  volcanic  ash  of 
modem  times ;  at  others  vesicular,  or  even  graduating  into  green- 
stone and  other  trappean  rocks,  some  of  which  seem  to  have  been 
in  a  condition  of  pumice  prior  to  the  infiltration  of  carbonate  of 
lime  and  other  substances  into  the  cells,  which  has  now  rendered 
the  whole  a  solid  mass. 

These  schistose  trappean  rocks  so  graduate  into  the  slates  of 
Trerelga  and  its  vicinity,  as  shown  in  the  clifis,  that  the  change 
is  almost  imperceptible.  They  form  the  continuation  of  beds  of 
fiur  greater  thickness  in  the  direction  of  Davidstow  and  St.  Clether, 
the  run  of  which  will  be  best  seen  by  reference  to  the  maps. 
Much  of  the  vesicular  kind,  commonly  known  in  Devonshire  by 
the  name  of  honeycomb  dun,  occurs  above  the  church  at  St.  Cle- 
ther, with  a  dip  about  N.N.W.  Large-grained  greenstone,  of  a 
character  to  which  the  name  syenite  is  sometimes  applied,  occurs 
on  the  hill  above  Davidstow,  evidently  associated  with  a  continua- 
tion of  the  schistose  trappean  rocks  above  noticed.  Greenstone, 
but  generaUy  of  a  finer  grain,  is  found  near  Titch  Beacon,  on  the 
north  of  Davidstow,  the  strike  of  which  comes  upon  a  variety  of 
the  schistose  trappean  rock  which  is  impregnated  with  calcareous 
matter  near  Grylls,  on  the  south  of  Lesnewth,  where  a  flruitless 
attempt  was  once  made  to  burn  it  for  lime.  On  the  south  side 
of  Trebarwith  Strand,  where  the  new  sanding-r6ad  comes  down 
to  the  beach,  a  similar  rock  is  also  found.  Greenstones,  some 
large^grained,  occur  near  Tintagel,  and  the  trappean  schistose 
rock  is  also  discovered  mingled  with  them,  particularly  towards 
Bossiney.  There  is  in  fact  so  intimate  a  mixture  of  compact  and 
schistose  trappean  rocks  with  the  argillaceous  slates,  that  the 
whole  may  be  regarded  as  one  system,  the  two  kinds  of  trappean 
rocks  having  probably  been  erupted,  one  in  the  state  of  igneous 
fusion,  and  the  other  in  that  of  ash  during  the  time  that  the  mud, 
fomiing  slates,  was  deposited,  the  mixtures  being  irregular 


*  Coatributions  towards  a  Knowied|;«  of  tliu  Gteology  of  Oirawall,  Tiaiut.  Geol. 
Soc  oC  C^onnrall,  vol  iv.p.  175. 
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from  the  irregular  action  of  the  respective  causes  which  produced 
them ;  so  that  though  the  one  may  haye  been  derived  from 
igneous  action,  and  the  other  frt>m  the  ordinary  abrasion  of  pre- 
existing solid  rocks,  they  were  geologically  contemporaneous. 

Dr.  Boase,  while  describing  die  Delabole  roofing*slate  quarries^ 
has  seized  the  connection  of  these  various  rocks,  though  probably 
he  would  refer  them  to  a  different  origin  from  that  above  sug- 
gested He  observes  that  **  throughout  the  whole  of  the  quarry 
there  are  insulated  patches  which  are  not  regularly  foliated,  but 
which  break  into  thick^  coarse  fragments,  with  a  conchoidal  frac- 
ture. These  patches  are  not  homogeneous.  In  one  part  they 
resemble  the  roofing-slate ;  but  in  others  they  contain  a  consider- 
able portion  of  a  dark  green  foliated  hornblende  (precisely  simOar 
to  that  which  has  been  already  noticed  as  occurring  in  conjunc- 
tion with  calcareous  spar  in  the  rock  at  Grylls)  and  a  mineral 
in  the  form  of  white  streaks,  which  may  be  seen  on  a  close  exa- 
mination between  the  lamiuss  of  the  hornblende,  and  which  on 
being  tested  proved  to  be  carbonate  of  lime.  This  fact  is  very 
interesting ;  for  it  seems  to  point  out  that  this  slate  (the  Dela- 
bole) is  connected  with,  or  at  least  forms  a  member  of,  the  same 
series  of  rocks  to  which  the  calcareous  rocks  of  Grylls  belongs."^ 

From  the  general  coincidence  between  the  curve  of  beds  and 
the  bend  of  the  coast  from  Boscastle  to  Trebarwith  Strand,  a 
coast  section  of  rocks  beneath  those  above  noticed  is  not  obtained  ; 
but  proceeding  inland,  a  fine-grained  arenaceous  and  micaceous 
rock,  resembling  a  micaceous  silt  turned  into  slate,  is  seen  to  suc- 
ceed them,  curving  round  from  the  Vicarage,  near  Davidstow,  by 
Cadon  Barrow.  These  arenaceous  and  micaceous  slates  vaiy 
somewhat  in  the  mass,  are  here  and  there  mingled  with  true 
argillaceous  slates,  and  more  rarely  with  dark  flinty  slates,  as  at 
Hurrygulter,  on  the  north,  and  at  Helstone,  on  the  south,  of 
Camelford.  When  these  beds  approach  the  granite  they  become 
altered,  as  will  be  noticed  under  the  head  of  altered  rocks. 

Proceeding  from  the  vicinity  of  Camelford,  Tintagel,  Boscastle, 
and  Davidstow  towards  St  Clether,  Alteman,  and  Trewen,  we 
find  a  continuation  of  the  salne  series  of  beds.  And  it  should 
be  here  noticed  that  the  schistose  trappean  rock  is  highly  charged 
with  calcareous  matter  near  St.  Clether,  on  the  Trebasil  side  of 
the  river,  matter  accompanying  the  southern  side  of  the  same  band 
*  Trans.  Geol.  Soc.  of  Cornwall,  vol.  iv.  p.  183,  164. 
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of  rock  from  thence  to  Treyenn.  The  association  of  carbonate  of 
lime  with  the  greenstones^  trappean  ash,  and  argillaceous  slates^ 
is  a  marked  character  of  this  part  of  the  series — one  which  be- 
comes more  prominent  as  we  adrance  eastward  from  Trewen  to 
Soij^  Petherwin.  Whether  or  not  a  band  of  limestone  which 
there  appears^  though  frequently  interrupted  in  its  course,  be  or 
be  not  a  higher  bed  than  any  observable  near  Boscastle  and  Tin- 
tagel,  the  series  having  been  slightly  overlapped  at  the  former 
place  by  the  carbonaceous  system  above  it,  it  is  still  intimately 
connected  with  the  cakareo-trappean  system  which  has  been 
above  noticed.  In  parts  of  these  limestones  and  their  associated 
slates  we  discover  abundant  organic  remains.  Between  Trewen 
and  Alteman  there  is  much  greenstone  and  schistose  trappean 
ash ;  as  also  between  the  former  place  and  Lawannack.  Near 
PoUaphant  there  is  a  kind  of  potstone,  which  has  been  noticed 
by  Dr.  Boase*,  who  states  that  not  long  before  he  wrote  (1830 
and  1831),  several  vessels  formed  of  this  stone  had  been  dis- 
covered under  the  rubbish  of  an  old  quarry  about  a  quarter  of 
a  mile  distant. 

Hie  limestones  and  associated  slates  of  South  Petherwin,  after 
dipping  northward  (pL  4,  fig.  2)  beneath  the  more  modern  beds 
of  Launoeston,  arch  over  to  the  south ;  and  a  thin  bed  of  lime- 
stone near  Trewarlet  (north  from  Lezant)  may  be  a  continuation 
of  the  calcareous  portion  of  them.  The  South  Petherwin  beds, 
which  consist  of  a  mixture  of  limestone,  sometimes  schistose,  with 
slates  sometimes  calciferous,  at  others  possessing  the  ordinary 
argillaoeous  character,  are  extremely  interesting  from  the  abun- 
dant fossils  they  contain.  Professor  Phillips  remarks  on  those 
which  we  obtained  during  the  survey  (chiefly  through  the  exer- 
tions of  Mr.  Holl,  at  that  time  an  active  volunteer  upon  it),  and 
on  those  in  the  collection  from  the  same  localities  kindly  lent  us 
by  Mr.  S.  Pattison  of  Launceston,  that  they  consist  of — 

Zoopbyta,  Firfyparia.  .    A  species  of  Turbino&a^ 

Beteporat  two  species. 

Amplexuif  one  small  species. 
CiiiMMlea.  •     •     •     .    Stems. 

Coochifen*  Plagimyona.  CpprieanHa  f  a  spedes  which  in  shape  resembles 
Axiniu  obscurtu  of  the  magnesian  limestone. 

Nuculaf 

*  IVant.  Geol.  8oe«  of  Cornwall,  vol.  iv.  p.  224. 
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Conchifera,  Mesomyona.  Avictda.    Two  species  very  distinct  in  character ; 
both  supposed  to  be  new. 

Pecten, 

Pterinea, 
y       Brachiopoda.    LingtUa  f    It  might  be  mistaken  for  a  Posidonia, 
but  is  quite  different  from  the  Barnstaple  shelL 

Terebrahda.  One  resembling  7*.  plicaiella  (Dal- 
man),  which  occurs  in  Gottland  and  Ostro- 
gothia.  One  resembling  T.  didyma  (Dalman), 
which  occurs  in  Gottland. 

Atrypa.  One  species  somewhat  resembling  A. 
ausidea  (Dalman),  which  occurs  in  Ostrogothla. 

Spir^fera  (Sow.)  There  are  many  species.  One 
of  the  most  remarkable  has  the  cardinal  line 
extended  into  long  conical  ears,  as  in  Sp,  atte- 
nuata  (Sowerby),  which  occurs  in  the  carboni- 
ferous limestone.  Another  has  the  aspect  of 
Sp.  oblataoi  that  limestone,  but  is  really  distinct. 

Producta  (Sow.)  There  are  several  species.  One 
resembles,  but  is  certainly  distinct  from,  P.  rort- 
spina  (Phillips),  which  occurs  in  carboniferous 
limestone. 
Mollusca,  Gasteropoda.  Pleurotomaria,  Two  or  three  very  distinct  spe- 
cies. Professor  Phillips  is  not  aware  that  they 
are  described. 

NcUica.  Analogous  to  iV.  ampliata  (Phillips), 
which  belongs  to  carboniferous  limestone.  It 
is  however  distinct. 

Melania.  Two  species  of  the  same  group  as  M, 
sulculosa  (Phillips),  which  belongs  to  carboni- 
ferous limestone.  They  are  not  identical  with  it. 

Grenus  ?  Several  other  spiral  shells.  One  of  them 
is  a  beautiful  reversed  specimen. 
Cephalopoda.  Clymenia  lecvigata  (Munster).  There  are  at  least 
four  other  species  which,  with  the  advantage  of 
mature  consideration,  can  certainly  be  deter- 
mined. They  undoubtedly  belong  to  the  same 
group  as  those  described  by  Oount  Munster 
from  the  Fichtelgebirge. 

Goniatites,  Two  species,  one  of  which  belongs 
certainly  to  the  group  described  by  Munster 
from  the  Fichtelgebirge;  but  without  more 
specimens  it  would  be  imprudent  to  attempt  to 
name  it.    The  other  is  of  a  new  type. 

Orthoceratites,    Several  species ;  one  very  large. 
Crustacea Asaphusf 

In  the  valley  of  the  Inny,  between  Trekellern  and  Trecarrell 
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bridges,  there  is  much  trappean  rock^  both  schistose  and  compact, 
intermingled  with  argillaceous  slate  and  a  scanty  portion  of  true 
Umestone.  Calcareous  matter  is  however  abundant  in  the  schis- 
tose trappean  ash ;  and  some  of  this  rock  has  been  successfully 
woiked  for  limestone^  by  selecting  the  more  calcareous  portions^ 
and  watching  the  first  appearance  of  any  slag  in  the  kilns.  On 
the  right  bank  of  the  river,  between  Trecarrell  Bridge  and  a 
place  marked  Mill  in  the  Ordnance  Map,  calcareous  matter  has 
been  mfiltrated  into  a  trappean  rock  which  must  closely  have 
resembled  pumice  before  the  vesicles  were  filled  by  carbonate  of 
lime ;  for  if  a  piece  of  this  rock  be  placed  in  dilute  hydrochloric 
acid,  the  calcareous  matter  will  be  removed,  and  the  remainder 
have  all  the  character  of  a  pumice.  Although  we  have  often 
seen  the  trappean  rocks  of  Devon  and  Cornwall  approach  this 
chaiueter,  we  have  never  observed  the  vesicles  so  numerous  and 
the  trappean  parting  of  the  cells  so  thin  as  in  this  locality. 

From  hence  the  beds  trend  eastward  towards  Tavistock,  where 
the  obscurity  of  detennining  those  which  may  be  referred  to  the 
grauwacke,  or  the  carbonaceous  series,  is  so  great,  that  it  would  be 
difficult  to  say  how  hr  the  caIcareo*trappean  system  above  noticed 
may  extend  in  that  direction.  In  the  descent  of  the  road  from 
Tavistock  to  Longford,  calcareous  matter  is  found  among  the 
trappean  ash  there  cut  through,  and  even  nodules  of  limestone 
occur  at  the  cutting  near  Longford. 

On  the  left  bank  of  the  Tavy,  immediately  opposite  the  remains 
of  Tavistock  Abbey,  there  are  quarries  in  which  we  find  a  consi- 
derable mixture  of  calcareous  matter  with  the  trappean  ash ;  and 
it  may  here  be  noticed,  that  in  an  adjoining  quarry,  which  might 
almost  be  considered  as  part  of  the  same,  a  mineral  resembling 
mountain  leather  fills  the  joints  of  the  trappean  ash. 

On  the  new  road  ftom  Launceston  to  Callington,  and  on  the 
south  of  Landue,  there  appears  a  very  decided  example  of  uncon- 
fonnable  position  between  the  carbonaceous  series  and  grauwacke, 
as  will  be  more  particularly  noticed  in  the  sequel,  and  seams  with 
calcareous  matter  containing  many  organic  remains,  apparently 
similar  to  those  detected  at  South  Pitherwin,  occur  in  the  older 
rock.  In  the  ascent  thence  towards  Winfork,  a  somewhat  arena- 
ceous rock  comes  in,  apparently  a  continuation  of  that  which 
occurs  at  Innys  Foot  near  Endsleigh,  where,  though  curved,  the 
beds  generally  have  a  southward  dip.     These  beds  are  continued 
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in  the  direction  of  Leigh  Ball,  where  schistose  trappean  ash  is 
mingled  with  them,  and  the  rocks  are  more  argillaceous.  Ar- 
gillaceous slate  prevails  in  the  direction  of  South  Sydenham^  the 
laminsB  of  which  dip  southwards.  Roofing-slate  is  worked  near 
Horse  Bridge,  on  the  left  bank  of  the  Tamar,  and  at  Mill  Hill 
Quarry,  near  Tavistock.  These  may  be  continuous  porticms  of 
the  same  band,  as  there  is  much  similar  rock  between  them,  not- 
withstanding that  the  principal  laminsB  of  the  former  dip  south, 
and  those  of  the  latter  to  the  north-west.  In  the  vicinity  of  Tavi- 
stock the  laminae  dip  in  such  a  variety  of  directions  that  it  is  diffi- 
cult to  decide  which  prevails ;  probably  a  southern  dip  may  be 
most  general.  Near  Wheal  Franco  copper-mine  the  lamitt»  are 
nearly  horizontal. 

If  we  take  the  mass  of  the  slate  country  southwards  from  a  line 
through  Lesant,  South  Sydenham,  MorweU  Down,  and  Buckland 
Monachorum,  to  a  line  from  St.  Ive  (near  Liskeard),  through 
St  Mellion,  Beer  Ferrers,  to  Bickley,  and  trust  to  the  planes  of 
general  lamination  alone,  the  whole,  where  not  immediately  near 
granites,  elvans,  or  greenstone,  would  be  considered  to  dip  to  the 
south.  We  have  s^n  (p.  44),  that  to  trust  to  this  evidence  alone 
would  be  highly  dangerous ;  therefore,  whether  there  may  be  nu- 
merous contortions  of  the  actual  beds,  or  the  whole  mass  may  dip 
quietly  to  the  south,  it  would  be  difficult  to  determine  without 
better  evidence.     Calcareous  slate  occurs  near  Cotele. 

Continuing  our  course  to  the  southward,  and  taking  the  banks 
of  the  Tamar  as  the  best  natural  section,  we  find  the  shores  near 
Landulph  and  Tamerton  Foliot  principally  composed  of  argilla- 
ceous slate,  a  rock  which  continues  with  a  southern  dip  of  the 
constituent  lamioA  nearly  to  Saltash.  We  here  arrive  at  bands 
of  vesicular  and  schistose  trap,  mixed  with  slate  of  a  sufficiently 
fine  grain  to  be  worked,  an  apparent  continuation  of  the  roofing- 
slates  of  Cann  Quarries  to  the  eastward.  The  section  along 
shore  at  low  tide,  from  Saltash  to  Hen  Point  on  the  coast,  is  par- 
ticularly instructive  as  regards  the  association  of  sedimentary 
beds  with  the  greenstones  and  trappean  rocks  of  various  kinds, 
schistose,  vesicular,  and  compact,  which  may  be  there  seen. 
Near  this  point  the  cliff  and  the  shore  (at  low  water),  exhibit 
both  vertical  and  horizontal  sections  of  the  mode  in  which  the 
trappean  rocks  are  there^intermingled  with  the  grauwacke.  The 
annexed  sketches  (figs.  5  &  6)  represent  a  part  of  this  intermix- 
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Fig.  6. 


ture;  fig.  5  affording  a  horizontal  view  at  low  water^  and  fig.  6 
repres^ting  a  vertical  section  in  the  adjacent  cliffy  a  being  trap, 
for  the  most  part  concretionary,  and  b  grauwacke  in  both  sketches. 
Though  there  is  such  an  abundant  mixture  of  trappean  rocks 
and  grauwacke  (the  latter  occasionally  arenaceous)  in  the  vicinity 
of  Saitash  and  St.  Stephen,  and  thence  across  the  Tamar  to  St. 
Budeaux  on  the  east,  and  towards  St.  Umey  on  the  west,  and 
good  coast  sections  are  exposed  on  the  banks  of  the  Tamar,  and 
in  the  erodes  which  run  up  from  the  Lyhner  to  Manaton  Castle 
and  St  Umey,  it  is  somewhat  difficult  to  determine  whether  or 
not  the  whole  of  the  trappean  rocks  were  contemporaneous  (in 
the  sense  formerly  employed,  p.  57)  with  the  accompanying 
grauwacke.  The  schistose  varieties  certainly  seem  to  be  so,  and 
if  the  greenstones  and  other  compact  trap  rocks  have  sometimes 
the  appearance  of  tiaving  been  introduced  into  cracks  produced  in 
the  slates  subsequently  to  at  least  their  partial  consolidation,  this 
appearance  may  be  due  to  the  filling  of  cracks  and  fissures,  analo- 
gous to  those  which  are  produced  in  the  beds  of  ash  and  filled  by 
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lava  on  the  flanks  of  volcanos  (in  Qases  where  the  latter  are  partly 
submarine)^  traversing  shales^  clays,  and  other  aqueous  deposits, 
as  well  as  the  ash,  which  in  such  cases  may  readily  have  become 
interstratified  among  them. 

The  contemporaneous  view  is  borne  out  by  the  mode  in  which 
the  trappean  rocks  are  associated  with  the  slates  that  form  a  con- 
tinuation of  the  rocks  near  Saltash  to  the  eastward,  many  of  the 
schistose  varieties  so  graduating  into,  and  indeed  forming  so  small 
a  portion  of  the  grauvvacke,  that  they  have  not  been  noticed  in 
the  map,  an  example  of  which  can  be  easily  seen  on  the  high 
road  from  Plymouth  to  Tavistock,  near  Widey. 

Still  continuing  the  section  afforded  by  the  banks  of  the  Tamar, 
we  find  an  occasional  mixture  of  trappean  rocks,  both  solid  and 
vesicular,  the  latter  with  a  sub-schistose  structure,  nearly  to 
Devonport,  where  the  Plymouth  limestones  rest  upon  the  whole. 
These  limestones  occupy  a  larger  area  than  any  above  noticed^ 
and  afford  us  an  example  of  abrupt  termination  in  the  direction 
of  the  beds  westward,  which  is  still  more  remarkably  exhibited  on 
the  banks  of  the  Dart.  Notwithstanding  the  ambiguity  produced 
by  the  planes  of  the  joints,  planes  as  strongly  marked  as  those  of 
the  beds,  there  can  be  little  doubt  that  the  latter  dip  to  the  south- 
ward, supporting  the  rocks  which  form  the  east  and  west  shores 
of  Plymouth  Sound. 

The  limestones  are  generally  of  various  shades  of  grey,  and 
occasionally  sufficiently  dark  coloured  to  afford  black  marbles. 
They  are  much  traversed  by  veins  of  calcareous  spar,  and  contain 
many  organic  remains,  for  the  knowledge  of  which  we  are  chiefly 
indebted  to  the  Eev.  R.  Hennah,  chaplain  to  the  forces  at  Ply- 
mouth.* Among  the  shells  are,  Spirifer  cuapidatiLs,  Sow. ;  Sp, 
distant.  Sow. ;  Sp.  octoplicatusy  Sow. ;  Terebratula  Pugnus, 
Sow. ;  T,  imbricataf  Sow. ;  T.  platyloha  (j^n.)»  Sow. ;  Atrypa 
reticularis  (Wahl.) ;  Prodveta  depressa  (Sow.) ;  Cardium  alte^ 
forme.  Sow. ;  PUeopsis  vetusta.  Sow. ;  Nerita  spirata  ?  Sow.  ; 
Cirrus  acutus.  Sow.;  Pleurotomaria  cirriformis,  Sow.;  Turbo 
Tiara,  Sow.;   Murex?  Harpula,  Sow.;   Buccinum  spinosum, 

*  Playfair  seemB  to  ha^e  been  the  first  to  notice  organic  ramains  in  the  PlymooUi 
limestones.  He  speaks  in  his  Illustrations  of  the  Huttonian  Theory,  p.  164  (1803), 
of  having  obtained  a  fossil  shell  from  them.  Subsequently^  De  Luc  and  others  thi«w 
doubts  upon  the  fossiliferous  character  of  these  limestones,  and  it  was  not  till  the 
labours  of  Mr.  Uennah  cleared  up  the  subject  that  this  character  was  fully  admitted. 
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Sow. ;  B.  acuium.  Sow. ;  B.  tmbriccUum,  Sow. ;  Bellerophon  cos* 
iaiv9.  Sow. ;  and  Orthocerates  drcularis,  Sow.^ 

A  kind  of  alternation  of  the  upper  part  of  the  Plymouth  lime- 
stones with  the  superincumbent  slates  may  be  seen  near  Mount 
Batten.  Above  these  slates^  on  both  sides  of  the  Sounds  we  find 
red  sandstones  associated  with  red  slates^  the  former  of  variable 
degrees  of  induration,  but  frequently  extremely  hard.  These 
beds  are  much  twisted,  the  contortions  being  probably  due  to  the 
causes  which  produced  the  intrusion  of  a  porphyritic  rock  that 
ocears  in  mass  on  the  north  of  Cawsand,  and  is  intermingled  with 
the  ccmtorted  and  broken  beds  along  the  shore  thence  towards  Red- 
ding Point,  cutting  through  and  running  among  them  in  various 
ways.  It  has,  however,  a  general  leading  direction  for  the  curved 
and  contorted  beds  on  the  north  of  Staddon  Point.  At  Cawsand, 
variegated  slates,  among  which  red  beds  are  very  prevalent,  form 
the  upper  part  of  these  red  rocks,  and  are  succeeded  in  the 
ascending  order  by  grey  slates  towards  Penlee  Point  and  the 
Rame  Head.  Similar  beds  rest  upon  the  red  grits  and  slates  of 
Staddon  Point,  and  are  found  to  be  fossiliferous  on  the  south  of 
Bovey  Sand  bay,  where  Lieutenant-Colonel  Mudge,  R.E.,  has 
detected  calciferous  beds  containing  organic  remains. 

The  main  mass  of  the  Plymouth  limestones,  here  and  there 
intermingled  with  argillaceous  slate,  are  continued  eastward  by 
the  northern  part  of  Plymstock  to  Grore,  near  which  place,  and 
West  Sherford,  they  terminate  amid  the  slates.  A  small  portion 
of  fimestone  occurs  on  the  south  of  the  main  mass,  near  Goosewell, 
indoded  in  the  argillaceous  slates,  a  continuation,  not  improbably, 
of  the  beds  amid  which  a  much  larger  mass  is  developed  at 
Kitley  Paric  and  Yealmpton.  This  last  patch  of  limestone  is 
greatly  intermingled  with  a  variety  of  dolomite,  generally  sub- 
crystalline,  and  flesh,  or  roseate  coloured,  and  black  carbonaceous 
slate  IB  foand  on  the  south  of  it  in  Kitley  Park. 

Viewing  the  subject  in  the  large  scale,  we  have  a  system  of 
beds  extending  from  the  neighbourhood  of  Plymouth  (including 
in  that  neighbourhood  the  country  around  Plympton,  Brixton,  and 
Yealmpton)  to  Buckfastleigh,  Broadhempston,  Ashburton,  and 
Bickington,  in  which   there  is   a  very  variable  intermixture  of 


I  sfaelb  were  detcnnined  by  Mr.  Sowerby  from  specimens  which  the  Rev. 
R.  w— nyh  was  kind  enough  to  lend  us  several  years  since,  to  complete  some  lists 
af  otganieienMiiu  for  another  work. 
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calcareous  matter,  argOlaceoiiB  slates,  and  trappean  rocks,  the        | 
latter  occurring  sometimes  solid,  at  others  vesicular,  and  not  un- 
frequently  schistose.     If  we  include  the  limestones  of  Ditsham, 
on  the  Dart,  and  the  bands  of  Harberton  Ford,  and  the  vicinity 
of  Comworthy,  in  the  same  system,  as  probably  ought  to  be  done, 
we  have  a  breadth  of  about  eleven  miles,  on  the  east,  gradually 
diminishing  to  about  two  miles  on  the  west,   near  Plymouth. 
Taken  as  a  whole,  the  beds  on  the  banks  of  the  Dart,  from  Buck- 
fastleigh  to  Ditsham,  rest  upon  each  other  in  an  ascending  order, 
BO  that  the  limestones  of  the  latter  would  occupy  a  higher  part  of 
the  series  than  those  at  Buckfastleigfa.     There  can  be  little  doubt 
that  the  Bickington,   Ashburton,  and   Buckfastleigh  beds  form 
portions  of  the  same  band  of  calcareous  matter,  extending  nearly 
to  Dean  Church,  where  it  terminates.    There  would  also  appear 
little   reason  to  doubt  that  the  limestones  of  Broadhempston, 
Woolston  Green,  and  Paytor,  are  intermediate  between  the  first 
band  of  calcareous  matter  and  the  bands  near  Comworthy  and 
Ditsham. 

In  the  section  exhibited  on  the  Tamar,  the  Plymouth  lime* 
atones  were  the  first  calcareous  masses  found  in  the  ascending 
order.     If  we  take  the  run  of  rocks  of  which  they  form  a  part, 
and  trace  them  eastward,  we  first  find  limestones  at  Dunweil  and 
Shilstone,  on  the  south   of  Ugborough,  at   about  eight   miles 
distant  finom  the  eastern  termination  of  the  Plymouth  limestones 
near  Gore.    These  patches  of  limestone  are  very  small,  and  are 
included  amid  a  mixture  of  argillaceous  slates   and  trappean 
rocks.    We  may  hence  trace  the  calcareous  rocks  by  a  small 
patch  of  limestone  near  Ugborough,  and  another  at  Fowelscombe^ 
to  North  Hewish,  where  a  larger  band  of  limestone  is  detected. 
How  far  we  may  consider  the  patches  of  limestone  near  Langford 
and  Paytor  as  a  continuation  of  the  same  minor  series  of  beds  is 
not  so  clear.     If,  however,  we  take  them  to  represent  a    pro- 
longation of  the  Plymouth  band,  we  may  consider  it  still  further 
continued  to  Dartington  and  Broadhempston,     It  must,  however, 
be  confessed  that  the  evidence  on  this  head  is  not  so  complete  as 
could  be  desired. 

If  we  take  the  Yealmpton  limestones  as  somewhat  higher  in 
the  series  than  the  Plymouth  beds,  we  find  a  band  carrying  on 
that  line  near  Sequers  Bridge.  After  this,  however,  calcareous 
matter  does  not  appear  in  the  line  of  strike  for  a  considerable 
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i&taiioe.  If  we  suppose  the  limestone  at  Harberton  Ford  to  be 
a  ooiitinuatio&  of  the  same  minor  83nstem  of  rocks,  there  would  be 
an  interval  of  nine  miles  and  a  half  between  any  development  of 
actual  limestone  in  it. 

It  will  be  observed,  by  rdference  to  the  maps,  that  in  the  area 
<)oeupied  by  these  limestones  there  is  much  trappean  rock ;  and 
that,  while  this  rock  sometimes  occurs  in  lines,  at  others  it  is 
fiound  in  isolated  portions. 

The  other  principcd  rocks  of  the  same  area  are  chiefly  varieties 
of  argillaceous  slate,  some  being  sufficiently  fine  grained  to  be 
worked  for  roofing  slate*  The  true  bedding  of  this  slate  is  for 
the  most  part  very  seldom  seen,  the  planes  of  lamination  and 
perpendicular  joints  being  chiefly  observable.  It  therefore  be- 
comes exceedingly  difficult  to  determine  how  far  the  main  mass 
may  be  contorted,  and  how  far  the  beds  may  rest  at  a  small  angle 
in  one  place,  and  be  highly  inclined  in  another.  The  limestones 
on  the  west  of  the  Dart  occur  too  sparingly  to  afibrd  much 
evidence  on  tins  head ;  but  if  we  regard  the  rocks  near  Plymouth 
to  represent  the  system  of  beds  extending  along  the  banks  of  the 
Dart,  from  BuckfBistleigh  to  Ditsham,  it  would  seem  reasonable 
to  eonclude,  unless  we  suppose  a  very  considerable  decrease  in 
the  general  thickness  of  thb  system,  that  the  mass  is  much  less 
inclined  on  the  east  than  on  the  west 

With  regard  to  the  trappean  rocks,  the  intrusion  of  many 
andd  the  slates  and  limestones,  after  the  consolidation  of  the 
latter  deposits,  is  very  evident  The  example  beneath  (fig.  7), 
taken  from  Luscombe^s  Quarry,  North-street,  Ashburton,  as  it 
appeared  in  1832,  is  as  good,  probably,  as  we  can  select     Frag- 

Flg.7. 
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ments  of  limestone,  a,  fractured  portions  of  the  band  extending 
from  Bickington,  are  caught  up  amid  the  trappean  rock,  b,  which 
appears  to  have  burst  through  the  slates  and  limestones  after 
their  consolidation.  Fine  examples,  also,  of  the  intrusion  of 
trappean  rocks  among  the  slates  occur,  near  High  Week  and 
Newton  Bushell,  and  in  the  vicinity  of  Bickington;  which  wiU 
most  probably  be  described  in  detail  by  Mr.  Austen,  in  his 
memoir  on  that  part  of  the  country.  The  trappean  rocks  would 
appear  to  have  been  driven  in  among  the  limestones  near  Buck- 
fiastleigh.  The  section  obtained  on  the  Avon  near  Diptford  would 
lead  to  the  supposition  that  the  trap  rocks  had  there  also  in  part 
been  thrust  in  among  the  slates  after  their  consolidation.  There 
are  appearances  around  the  large  trappean  masses  near  Yealmp- 
ton,  and  at  Hearstone  and  Southwood,  which  lead  us  to  consider 
their  intrusion  also  as  probable.  At  the  same  time,  however, 
several  vesicular  varieties  of  trap,  approaching  the  ash,  previously 
noticed,  may  be  here  and  there  found,  intermingled  with  the 
slates  and  hard  greenstone  rocks  between  Totnes  and  Plymouth. 

Upon  the  whole,  we  have  a  system  of  rocks  extending  from  the 
Dart  to  the  Tamar,  principally  consisting  of  argillaceous  slates, 
among  which  limestones  are  found  in  bands  of  variable  breadth 
and  length,  some  occurring  in  lines  which  we  may  consider  were 
formed  at  equal  geological  times,  employing  the  term  in  au  ex- 
tended sense,  seeming  to  mark  a  prevalence  of  conditions  more 
favourable  for  their  production  at  such  times  than  at  others* 
though,  from  the  occurrence  of  calcareous  matter  in  some  of  the 
slates  out  of  these  lines,  and  the  relative  positions  of  the  minor 
patches  in  the  supposed  lines,  such  conditions  must  have  been 
very  variable.  Among  these  slates  and  limestones  we  find 
trappean  rocks,  a  few  possessing  the  ashy  character  above  noticed, 
while  others  have  evidently  been  intruded  amid  the  slates  and 
limestones  after  their  consolidation;  some,  therefore,  we  may 
suppose  to  have  been  contemporaneously  formed  with  the  mass  of 
rocks  with  which  they  are  associated,  while  the  geological  date 
of  the  intruded  masses  and  dykes  is  more  uncertain. 

Having  thus  taken  a  general  view  of  this  minor  system  extend- 
ing from  Plymouth  to  the  Dart,  it  remains  to  see  what  connexion 
may  exist  between  it  and  the  limestones,  argillaceous  slates,  and 
trappean  rocks,,  found  between  the  Dart  and  the  mass  of  red 
sandstones,  and  more  modem  deposits,  which  cover  up  the  grau- 
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vacke  on'  the  eastward.  A  yery  satisfactory  section  can  readily 
be  obtained  from  the  Bickington  band  of  limestone  (the  con- 
tinuation of  that  of  Ashburton  and  Buckfastleigh)  to  the  mass  of 
limestone  which  occupies  a  comparatively  extensive  area  at 
Ogwell,  Denbury,  Ipplepen,  and  Torbryan  (pi.  4,  fig.  5). 

Mr.  Austen,  who  has  examined  this  district  in  great  detail,  and 

to  whom  we  are  principally  indebted  for  the  Unes  on  this  part  of 

the  map  of  Devon,  assigns  the  name  of  '*  Lowest  band  of  limestone" 

to  the   Bickington  beds,  and  of  "  Great  and  Rag   limestones  '* 

to  those  of  Ogwell,  Denbury,  and  Ipplepen.     Notwithstanding  the 

interruption  from  trappean  rocks,  the  intermediate  slates,  which 

are  notunfrequently  claret-coloured,  are  perfectly  conformable,  as 

far  at  least  as  general  lamination  may  be  trusted,  to  both  the 

limestones  above  and  beneath  them.     There  is  nothing  in  the 

section  to  show  that  any  of  the  beds  have  formed  a  surface  from 

.which  portions  have  been  abraded  during  the  formation  of  the 

general  mass.     On  the  contrary,  the  various  parts  apparently 

graduate  into  each  other  in  the  manner  of  those  deposits  which 

are  considered  to  have  been  produced  during  the  same  geological 

epoch.     The  passage  of  the  higher  parts  of  the  slates  into  the 

superincumbent  limestone,  and  their  fossiliferous  character  under 

those  circumstances,  is  noticed  by  Mr.  Austen/  and  can  be  well 

seen  in  the  neighbourhood  of  Ogwell  House. 

From  near  Ogwell  House  to  Ipplepen  this  upper  limestone 
fiMTOS  a  table  with  minor  undulations,  and  is  continued  to  Oxhill 
and  New  House,  cut  into  nearDenbury,  Torbryan,  and  Ipplepen, 
Jbjr  Talleys,  which  expose  the  slates  beneath  it.  In  attempting  to 
bring  this  mass  into  connexion  with  the  slates  and  limestones  in 
the  direction  of  Broadhempston  and  Staverton,  we  are  em- 
barrassed by  the  want  of  evidence  as  to  the  true  bedding  of  the 
slates.  If  we  take  lamination  as  a  guide,  the  slates  dip  beneath 
it.  The  limestone  extending  from  Abbot's  Kerswell  towards 
Dainton,  trending  thence  round  to  King's  Kerswell,  may  readily 
be  a  continuation  of  the  Denbury  and  Ipplepen  beds  bent  over 
aa  intermediate  arch  of  subjacent  slate,  the  latter  being  probably 
also  affected  by  the  continuation  of  the  fault  which  brings  the 

*  Pkoceedingi  of  the  Geological  Society  of  London  (December  13   1837),  Yol.  ii.. 
p.  586. 
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limestone  of  Connator  Hill  in  vertical  contact  with  carbooaoeoas 
beds  (pi.  4,  fig.  5). 

If  we  take  the  lamination  of  the  slates  in  the  deep  cut  of  the 
Totnes  and  Newton  Bushell  road,  descending  from  Bow  HiH  to 
Bow  Bridge^  to  represent  the  planes  of  the  beds,  these  slates 
would  appear  to  rest  upon  the  Ipplepen  limestones,  and  support 
those  whidi  are  found  between  Bully  Barton  and  Bow  Hill.  This 
lamination  coincides  with  the  dip  of  that  in  its  line  of  strike  at 
Buckyatt  and  Dartington.  It  may  still,  however,  not  agree  with 
the  true  bedding,  so  deceptive  is  lamination. 

The  older  rocks  between  the  limestones  on  the  west  of  Bully 
Barton  and  those  of  Marldon  are  concealed  by  a  mass  of  red 
sandstones  and  conglomerates,  and  it  is  difficult  to  determine  the 
relations,  as  to  relative  age,  in  which  they  stand  to  each  other. 
The  like  difficulty  arises  with  req)ect  to  the  minor  patches  at 
Compton,  Gallows  Gate,  and  North  Whilborough,  from  the  same 
cause.  Probably  the  limestones  at  Arton,  Loventor,  Marldon, 
and  Compton,  are  portions  of  the  same  series  of  beds.  If  so,  we 
may  consider  them  as  distinct  from  tlie  Ipplepen  limestones,  and 
separated  from  them  by  intermediate  slates,  a  section  of  which 
may  be  obtained,  on  the  west  of  the  covering  of  red  sandstone, 
between  Berry  Pomeroy  Park,  and  Newhouse.  Upon  this  sup- 
position, the  band  of  limestone  at  Little  Hempston  would  be 
developed  in  a  continuation  of  the  intermediate  slates. 

In  the  indentation  and  exposure  of  the  subjacent  rocks  among 
the  Denbury  and  Ogwell  limestones  near  East  Ogwell,  Mr. 
Austen  has  discovered  organic  remains  in  the  trappean  ash  im- 
mediately  beneath  the  limestones.  A  very  interesting  fact,  as  it 
tends  to  confirm  the  view  we  have  formerly  taken  of  the  sub- 
aqueous deposit  of  similar  ash  beds.  This  ash,  associated  with 
some  more  solid  trappean  rocks,  seems  to  have  formed  a  floor  on 
which  the  calcareous  beds  were  deposited.  Mr.  Austen  has 
traced  simile  ash,  though  I  believe  he  has  not  detected  organic 
remains  in  it,  beneath  the  limestones  winding  round  near  Dainton 
from  Abbot's  Kerswell  to  King's  Kerswell,  and  also  beneath  the 
limestones  near  Tor  Moham. 

The  older  rocks  are  unfortunately  concealed  beneath  a  mantle 
of  red  Bsmdstone  and  conglomerate  between  the  Mary  Church 
and  King's  Kerswell  limestones.     A  small  patch  of  limestone  rises 
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indeed  through  the  red  sandstone  series  on  the  hill  between  Kuig's 
Kerairell  and  Barton  Cross ;  but  in  a  district  where  limestones 
occur  so  irr^ularly  amid  the  slates,  when  the  whole  is  un- 
ooneeakd  by  more  modem  deposits,  this  patch  affords  us  Uttle  aid. 
The  Torquay,  Tor  M oham,  and  Babbacombe  limestones  hare 
been  much  contorted,'*'  and  the  subjacent  rock  thrust  up  from 
Mead  Foot  sands  in  a  north-west  direction  to  Upham.  Among 
these  subjacent  rocks  we  find  sandstones  frequently  red,  which, 
perhaps,  may  assist  our  inquiries  respecting  the  relative  supers 
position  of  the  limestones  of  this  part  of  the  country. 

Returning  to  the  Dart,  we  perceive  that  the  limestones  on  the 
north  of  Bunker's  Hill,  near  Totnes,  rest  upon  argillaceous  slates 
m  which  arenaceous  beds  are  very  sparingly  intermixed.     Though 
claret-coloured  rocks  are  found  among  them,  grey  is  the  predo^ 
minant  tint.    On  the  east  of  Totnes,  in  the  direction  of  Lang** 
combe,  we  find  an  abundance  of  red  sandstones  (evidently  forming 
a  part  of  the  rocks  under  consideration)^  in  which  limestone  bands 
are  included,  the  longest  band  not  exceeding  a  mile  in  the  direc^ 
tioo  of  its  strike.    Whether  the  limestone,  which  extends  from  Berry 
Pomeroy  by  Gatcombe  House,  and  thence  round  Bunker's  Hill 
to  Boston,  does,  or  does  not,  form  a  continuous  part  of  that  which 
stretches  from  Bridge  Town  eastward  to  Langcombe  Cross,  is  some- 
what uncertain.     Faults  may  have  thrown  two  separate  masses  of 
limestone  against  each  other.     The  mass  of  slates  between  Berry 
Pomeroy  and  Langcombe  Cross  are  red,  and  the  same  red  slates 
are  continued  to  Beacon  Hill.    This  red  argiUaceous  slate  seems 
to  support  the  red  sandstones  on  the  south  of  it     If,  therefore,  the 
red  rocks  near  Blagdon  Cross  and  Beacon  Hill  rest,  as  they 
appear  to  do,  upon  the  Berry  Pomeroy,  Loventor,  and  Marldon 
limestones,  and  the  bands  of  limestones  between  Langcombe  and 
Ash  are  included  in  red  sandstones  still  higher  in  the  series,  the 
latter  would  be  clearly  more  modem  than  the  former. 

On  the  eastward  of  Blagdon  the  older  rocks  are  again  concealed 
by  beds  of  the  new  red  sandstone  series,  but  the  continuation  of 
the  red  sandstones  of  Langcombe  and  Ash  is  found  in  the  line  of 
strike  near  Cockington.  From  another  covering  of  new  red  sand- 
stones and  conglomerates,  the  continuation  of  the  Cockington  red 


*  See  eketches  accompanying  a  paper  on  the  Geology  of  Tor  and  Babbacombe 
Bayi,  Devon.    Trsni.  Geol.  Society;  Second  Series,  vol.  iii. 
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sandstones  is  concealed^  and  it  becomes  difficult  to  deteraiiiie 
whether  these  sandstones  are  higher  in  the  series  than  the  Torquay 
and  Tor  Moham  limestones,  or  whether  we  may  consider  them  re- 
presented by  the  red  sandstones  occurring  amid  the  beds,  inferior  to 
those  limestones,  which  extend  from  Mead  Foot  Sands  to  Ujdiam. 

With  the  limestones  which  form  the  southern  part  of  Torbay 
we  have  not  the  same  difficulty.  Above  the  red  slates  and  sand- 
stones extending  from  Ash  by  the  Windmill  Hill  to  CoUaton,  the 
singularly-shaped  patch  of  limestone  stretching  from  the  vicinity 
of  the  Dart  to  Higher  Yalberton  seems  clearly  to  rest.  Indeed 
this  patch  may  be  said  to  be  dove-tailed  into  its  highest  part,  for 
the  thin  band  of  limestone  which  is  seen  included  among  the 
slates  in  the  descent  from  the  Windmill  Hill  to  Higher  Yalberton 
gradually  swells  out  in  its  course  to  the  south-west,  and  there  unites 
with  another  and  inferior  band  which  commences  at  the  latter 
village,  and  in  a  similar  manner  swells  out  towards  the  south- 
west, both,  after  their  union,  being  suddenly  cut  off  near  Dun- 
cannon,  their  geologrical  continuation  consisting  of  slate. 

Another  mass  of  limestone,  commencing  about  half  a  mile  from 
Higher  Yalberton,  near  the  turnpike-road  from  Paington  to 
Brixham,  after  swelling  out  considerably  (see  map),  again  termi- 
nates near  Sandridge  upon  the  Dart,  the  clifis  on  the  line  of  strike 
on  the  river  exhibiting,  however,  no  appearance  of  it,  its  geological 
continuation  consisting  of  slate,  sandstone,  or  conglomerate.  The 
dip  of  these  limestones  is  conformable  to  the  slates  with  whidi 
they  are  associated,  and  they  would  appear  mere  calcareous 
patches  developed  amid  them. 

Still  continuing  the  section  across  the  strike  of  the  beds,  we  find 
a  considerable  mass  of  vesicular  trap  and  schistose  ash  to  the 
eastward  of  the  limestone  at  Higher  and  Lower  Yalb^ixm,  a 
small  band  of  limestone  crossing  the  turnpike-road  being  appa- 
rently included  in  it.  This  vesicular  trap  and  schistose  Sish  is 
associated  with  a  conglomerate  in  which  the  quartz  pebbles  some- 
times attain  the  size  of  a  nut  With  it  also  there  is  more  compact 
trap,  as  is  seen  on  the  north  of  Watton  Court  These  trappean 
and  common  sedimentary  rocks  appear  interposed  between  the 
Yalberton  beds  and  the  mass  of  limestone  extending  to  Churston 
Ferrers  and  Brixham ;  and  it  is  worthy  of  remark,  that  at  Saltern 
Cove  in  Torbay  the  limestone  is  seen  to  rest  upon  trappean  rocks 
of  a  generally  similar  character,  constituting  the  floor  upon  which 
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Cfae  calcaraous  matter  was  deposited^  the  whole  having  been  con* 
torted  by  subsequent  pressure. 

Sandstones  and  slates  chiefly  replace  the  trappean  rocks  of  the 
north  of  Watton  Court  in  their  continuation  on  the  line  of  strike 
to  the  Dart  The  limestone  of  Galmpton  rests  upon  the  slates 
and  sandstones  of  Watton  Court,  apparently  dipping  beneath  the 
argillaceous  slates  and  associated  rocks  on  the  south  of  Gralmpton 
Creek.  At  Mudstone  Sands  near  Brixham,  and  around  Shark* 
ham  Point,  where  an  isolated  patch  of  limestone  is  found,  there 
are  equivocal  appearances  arising  both  from  the  strike  of  the 
lamination,  which  does  not  always  coincide  with  the  beds,  (p.  45, 
fig.  3,)  and  from  the  manner  in  which  the  limestone  seems  to 
termmate,  a  manner  not  confined  to  this  locality,  but  which  is 
observable  very  commonly  on  the  western  sides  of  the  various 
limest<Hie  patches  that  occur  fit>m  Ogwell  to  Gblmpton  Creek. 
Allowing,  however,  that  the  geological  continuation  of  the  lime* 
stones  may  be  argillaceous  slate  at  Mudstone  Sands  and  Shark-* 
ham  Pmnt,  and  that  the  limestone  does  not  clearly  dip  beneath 
the  slate  at  the  latter  locality,  the  mass,  of  which  they  each 
respectively  constitute  subordinate  parts,  plunges  beneath  arena- 
ceous rocks  on  the  south,  the  continuation,  apparently,  of  sand* 
stones  intermingled  with  slates  which  bound  the  calciferous  country 
from  Modbury  to  and  beyond  the  Dart ;  this  arenaceous  series 
being,  however,  very  variable  in  its  general  characters,  sometimes 
naming  into  quartz  rock,  as  at  Black  Down  on  the  east  of  Mod* 
bury,  and  at  Morleigh  Down,  on  the  south  of  Morleigh,  while  at 
others  it  is  greatly  intermingled  with  argillaceous  slates,  as  on  the 
banks  of  the  Dart. 

The  geological  structure  of  the  country  between  Chudleigh  and 
Kingsteignton  is  such,  the  older  beds  being  so  overlaid  by  several 
more  modem  deposits,  and  generally  bearing  such  marks  of  di^ 
turbanoe  and  dislocation  where  visible,  that  the  connexion  between 
the  limestones  which  occur  at  Chudleigh,  Ugbrook  Park,  Orchard 
Well,  Ideford,  Rock  Hill,  and  between  Lyndridge  and  Kings-^ 
teignton,  and  those  before  noticed,  have  not  as  yet  been  satisfac* 
torily  ascertained.  The  band  of  limestone  which  commences  on 
the  west  near  Lower  Herkley,  on  the  south  of  Chudleigh,  and 
passes  thence  by  Grayleigh  to  the  lower  part  of  the  Haldon  Hills, 
along  which  it  ranges  in  a  northern  direction  to  Whiteway  House, 
curves  in  so  remarkable  a  manner  in  conformity  with  the  general 
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bend  of  rocks  prodnoed  by  theintruflicm  of  the  granite  on  the  west, 
that  there  is  some  difficulty  in  referring  its  position,  relatively  to 
the  carbonaceous  rocks  with  which  it  is  in  coatact,  to  a  fault  ranging 
from  Bickington  on  the  south-west,  and  concealed  between  Lower 
Berkley  and  Ash  Hill  by  more  modem  rocks.  The  dip  of  the 
carbonaceous  rocks  on  the  east  of  this  band  is  in  a  direction  be^ 
neath  it,  and  it  is  covered  by  the  carbonaceous  rocks  of  Ugbrook 
resting  upon  it.  Viewed  by  itself,  this  band  has  much  the  ap- 
pearance of  being  induded  in  the  carbonaceous  system  in  the 
manner  of  the  Holcomb  Rogus  beds  on  the  north,  to  be  hereafter 
noticed.  At  Waddon  Barton  the  Umestones  rest  upon  fine  argil- 
laceous slates,  differing  ftoai  the  general  mass  of  carbonaceous 
slates  around  them ;  and  we  might  here  suppose  that  the  limestone 
and  this  slate  formed  an  island  of  the  older  grauwacke  rocks,  a 
continuation  of  the  Bickington  band,  surrounded  by  carbonaceous 
rocks  of  more  modem  deposit.  Organic  remains  will  go  fieur  to 
determine  this  point  At  present  the  species  of  corals,  the  chief 
fossils  detected  in  it,  are  considered  to  be  the  same  with  those  found 
near  Ogwell  and  Newton  Bushell ;  but  when  we  reflect  what  care- 
ful examination  these  fossils  require,  it  would  probably  be  prema- 
ture to  form  any  opinion  founded  on  this  supposition  without  more 
complete  evidence  than  we  now  possess. 

There  is  the  same  difficulty  attending  the  Umestones  of  Ug- 
brook Park,  Orchard  Well,  Ideford,  and  Lyndridge.  They 
have  been  for  the  most  part  violently  dislocated,  and  the  rents 
filled  by  crystals  of  carbonate  of  lime  of  large  size,  and  most 
frequently  in  layers  above  each  other  parallel  to  the  walls  of  the 
fissures,  in  the  manner  so  frequently  seen  in  limestone  diatriets. 
The  fissures  so  filled  are  often  large  enough  to  remind  us  of  the 
great  cross  courses  filled  by  layers  of  quartz  in  the  metalliferous 
districts  of  Cornwall  and  Devon.  If  we  consider  the  various 
patches  of  limestone  from  Chudleigh  to  Kingsteignton  to  be  the 
bared  portions  of  a  series  of  grauwacke  beds  (the  continuation 
of  those  between  Bickington  and  Abbot's  Kerswell)  covered  up 
by  patches  of  more  modem  deposits,  including  anwng  the  latter 
the  carbonaceous  beds  of  Ugbrook  Park,  Hestow,  and  Lower 
Wear,  we  might  suppose,  from  the  direction  of  the  western  part 
of  the  Chudleigh  band,  that  it  was  a  continuation  of  the  Bicking- 
ton limestones,  while  the  beds  between  Lyndridge  and  Kings- 
teignton belonged  to  the  limestone  series  of  Newton  Bushell^ 
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C^well^  and  Ipplepen.  Hiese  latter,  support  a  series  of  carbo« 
naoeotB  beds  Tery  similar  to  those  of  Ugbrook  Park  and  Hestow 
Form,  possessing  characters  that  may  however  be  local  and 
accidental,  but  which  nevertheless  may  be  regarded  in  a  compli- 
cated country,  such  as  that  under  notice,  where  the  older  deposits 
are  covered  up  so  irregularly  by  more  modem  rocks,  and  the 
whole  ia  broken  by  faults,  among  which  may  be  instanced  that 
at  Connator  Quarry,  between  East  Ogwell  and  Abbotts  Kerswell. 

To  render  the  subject  still  more  complicated,  organic  remains 
have  been  detected,  more  particularly  near  Newton  Bushell  and 
Ogwell,  among  which  many  shells  bear  so  great  a  resemblance 
to  others  detected  in  the  true  carboniferous  or  mountain  lime-^^ 
stone,  that  at  a  first  glance  they  might  be  considered  of  the  same 
species.  How  far  they  may  bear  that  careful  scrutiny  to  which 
they  will  probably  be  subjected  remains  to  be  seen.  In  the  mean 
time,  however,  the  near  approximation  to  form,  supposing,  for  the 
sake  of  the  argument,  that  it  is  merely  a  near  approximation  of 
these  ^ells  to  species  well  known  in  the  true  carboni&rous  lime- 
stone, is  a  subject  of  considerable  interest. 

From  the  sections  on  the  Dart  and  the  structure  of  the  country 
around  Woodland,  Broadhempston,  Torbryan,  Staverton,  and 
Little  Hempston,  there  would  appear  no  reason  to  conclude  that 
the  limestones,  slates,  and  sandstones  on  the  east  are  not  con* 
tinuous  portions  of  the  beds  before  nbticed  between  the  Dart  and 
T^onar.  On  the  contrary,  the  Dart  sections  show  that  the  mass 
of  whidi  the  limestones  merely  form  a  constituent  part  continues 
across  in  its  general  line  of  strike. 

We  should  expect,  if  the  Plymouth  limestones  formed  portions 
of  the  same  minor  series  of  rocks  with  the  limestones  observed 
between  Bickington  and  Brixham,  and  between  Chudleigh  and 
TcH^uay,  that  there  would  be  some  organic  remains  common  to 
both.  Hitherto  the  organic  remains  of  South  Devon  have  not 
received  that  careful  examination  to  which  they  will,  it  is  hoped, 
be  soon  subjected :  it  therefore  would  be  premature  to  attempt 
a  general  conclusion  on  this  head.  It  may  however  be  stated, 
that,  having  subnutted  the  shells  in  the  Rev.  R.  Hennah's  collec- 
tion at  Plymouth,  a  few  years  since,  to  Mr.  Sowerby,  he  found, 
having"  previously  examined  a  collection  we  transmitted  from 
Torquay,  and  Bradley  near  Newton  Bushell,  that  Terebraiula 
Pugnms,  Cardium  cdmforme,  Murex  7  Harpula,  Buccinum  imbri- 
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catum,  and  Bue.  spinosum,  were  common  to  both :  a  small  list 
certainly,  yet  iisefuU  inasmuch  as  the  shells  sent  from  both 
localities  were  also  few.  The  two  former  are  also  carboniferous 
limestone  shells.  The  other  shells  obtained  from  Newton  Bushell 
were,  according  to  Mr.  Sowerby,  Spirifer  rotundatus  (Sow.),  Sp. 
decurrens  (Sow.),  TerebrattUa  porrecta  (Sow.),  Megalodon  cucul- 
lattis  (Sow.),  Turritella  abreviata  (Sow.),  Buccmum  breve 
(Sow.),  and  Bellerophon  tenuifascia  (Sow.). 

Among  the  shells  of  the  Plymouth  limestones,  Spirifer  distans, 
Sp,  cuspidattts,  Sp,  octoplieeUus,  Terebratula  imbricata,  T.  pla^ 
tylobay  Nerita  spirata.  Turbo  Tiara,  Buecinum  aeututn,  and 
Bellerophon  costatus  are  British  carboniferous  limestone  shells, 
and  Produeta  depressa  and  Pileopsis  vetusta  have  been  stated 
to  occur  in  the  same  rock  at  Liege  and  Ratingen.  Of  the  list 
of  twenty  species  of  shells,  therefore,  found  in  the  Plymouth  lime- 
stones, nine  were  referred  by  Mr.  Sowerby  to  species  found  in  the 
true  carboniferous  limestone ;  and  if  to  these  we  should  add  the 
two  other  species,  the  number  would  amount  to  eleven. 

There  is  nothing  therefore  in  the  shells  found  in  the  Plymouth 
limestones  which  should  prevent  us  from  considering  them  a 
continuation  of  the  beds  of  Newton  Bushell  and  Torquay,  even 
though,  as  it  is  believed  has  been  done  by  Mr.  Austen,  many 
more  species  resembling  those  found  in  the  true  carboniferous 
limestone  should  be  detected  in  the  latter.  On  the  contrary,  an 
approach  to,  if  not  an  identity  with,  forms  of  sheUs  discovered 
generaUy  in  the  true  carboniferous  limestone,  seems  characteristic 
of  the  two  localities.  Now,  whatever  doubt  may  exist  as  to  the 
true  age  of  the  Newton  Bushell  and  Torquay  limestones,  the 
position  of  the  Plymouth  limestones  is  clearly  amid  the  slates 
and  sandstones  of  South  Devon,  and  whatever  geological  age  be 
assigned  to  the  latter  would  appear  common  also  to  the  former. 

The  band  of  arenaceous  rocks  ranging  on  the  south  of  the  cai- 
ciferous  country  above  noticed  may,  perhaps,  particularly  on  the 
eastward,  be  considered  as  a  mere  extension  of  the  sandstones 
beyond  those  in  which  the  limestones  are  developed  between 
Totnes  and  Galmpton  Creek,  rather  than  as  forming  a  total 
change  in  the  mineralogical  character  of  the  country.  In  several 
places  the  beds  are  red  and  grey,  mingled  with  argillaceous  slates 
of  the  same  tints,  as  on  the  south  of  Modbury ;  in  others  they  are 
light-coloured  and  micaceous,  as  near  Morleigh  Down.    They  run 
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into  beds  of  quartz  rock^  as  before  noticed,  at  Black  Down  and 
Morleigh  Down.  The  band  is  in  &et  very  variable  in  its  general 
character,  and  hard  lines  of  demarcation  can  rarely  be  drawn 
betwe^i  it  and  the  rocks  on  the  north  and  south,  while  it  often 
partakes  of  the  characters  of  both. 

A  mass  of  argillaceous  slate,  generally  fine-grained,  and  in 
many  places  red  or  claret-coloured,  rests  on  the  arenaceous  band. 
Not  that  arenaceous  rocks  are  absent  from  it,  but  such  rocks  are 
scarce,  and  for  the  most  part  are  found  on  its  northern  side.  The 
eastern  part  of  the  mass  is  far  more  red  than  the  western,  though 
this  colour  is  sufficiently  abundant  in  that  direction ;  and  there 
is  Kttle  difficulty  in  perceiving  that  many  minor  masses  which  are 
red  in  the  Start  Bay  section  are  grey  in  that  exposed  at  Bigbury 
Bay.  Hitherto  no  organic  remains  have  been  detected  in  thk 
slate.  I 

Much  difficulty  attends  an  examination  into  the  true  bedding 
of  this  mass  of  red  and  grey  argillaceous  slate,  notwithstanding 
the  coast  sections  affi>rded  by  Start  and  Bigbury  Bays,  on  the 
east  and  west ;  inasmuch  as  we  cannot  be  certain  of  the  extent 
to  which  the  lamination  may  be  trusted  as  representing  the  planes 
of  the  beds.  If  we  were  to  regard  the  lamination  planes  as  truly 
giving  those  of  the  surfoces  on  which  the  constituent  detrital  matter 
has  been  thrown  down  during  its  deposit,  we  get  a  thickness  so 
frreat,  as  the  lamination  is  so  frequently  either  perpendicular  or 
highly  inclined,  that  we  are  led  to  doubt  the  enormous  depth 
we  thus  obtain.  Great  contortions  may  indeed  be  traced  by  aid 
of  the  lamination ;  yet  even  then  there  is  difficulty  in  arranging 
all  the  parts  satisfactorily. 

Taking  lamination  as  a  guide,  and  supposing  it  to  coincide  with 
the  surfaces  of  beds,  the  latter  would  dip  southerly,  near  Dart* 
mouths  Between  Stoke  Fleming  and  Street  the  dip  would  be 
reversed,  but  would  again  become  southerly  near  Slapton  Sands. 
Near  Stokenham  it  would  again  be  northerly,  and  continue  so, 
though  very  highly  inclined,  to  the  mica  and  chloritic  slate  system 
on  the  south.  Employing  the  same  aid  on  the  west,  in  Bigbury 
Bay,  mm  obtain  a  much  more  constant  dip  of  the  beds  to  the 
knA,  with  more  vertical  strata.  There  are  reverse  dips,  and 
they  would  give  undulations,  as  on  the  eastern  section;  but  it 
may  be  doubted  whether  they  would  give  so  many.  Confused 
laminaticHi  may  at  different   places  be  also  seen  on  the  coast. 
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partieularly  between  Avoii  Mouth  and  Hope.  Upod  tinb  vAuj^, 
we  may  probably  be  not  far  wrong  if  we  consider  these  slates  as 
forming  an  undulating  and  contorted  maas  between  the  mica  slate 
system  on  the  south  and  the  arenaceous  band  on  the  uorih,  though 
far  from  possessing  that  thickness  which  measurements  across  the 
lamination  would  give  it. 

Near  Erme  Mouth  we  find  rocks,  part  of  which  are  arenaceous, 
that  range  up,  somewhat  out  of  the  general  strike  of  the  beds  of 
the  country,  towards  the  grits  and  quartz  rock  of  Black  Down, 
near  Modbury.  With  them  is  a  rock  which  we  have  ventured, 
though  with  some  hesitation,  to  class  as  an  elvan,  as  it  is  so  ex- 
tremely quartzose  in  part  of  its  course,  particularly  near  Ton*  and 
Sherlangston,  where  it  more  approaches  the  character  of  quartz 
rock,  though  near  Modbiuy  it  is  formed  of  a  granitoid  mixture 
of  quartz  and  felspar. 

If  we  consider  this  run  of  rocks  as  a  continuation  of  the  Black 
Down  beds,  the  variegated  slates  which  occur  between  Yealm 
Mouth  and  Erme  Mouth  would  be  separated  from  the  mass 
between  the  Start  and  Bigbury  Bays,  and  would  be  thrown  into 
an  equivalent  of  the  calciferous  country  of  Ditsham  and  Brixham 
on  the  east  Consequently,  the  red  grits  of  Staddon  Point  would 
not  constitute  a  continuation  of  the  sandstones  and  quartz  rocks 
of  Black  and  Morleigh  Downs,  but  would  agree  more  in  geolo- 
gical age  with  the  red  sandstones  between  Yalberton  and  Totnes 
and  the  hard  red  grits  of  Cockington.  It  must  be  confessed  that 
there  is  difficulty  in  making  good  the  connexion  of  the  Staddon 
Point  grits  and  the  sandstones  of  Black  Down.  There  is  such 
a  constant  chance  of  the  development  of  minor  patches  of  simd- 
stone,  as  near  Torbay  and  the  Dart,  amid  the  red  and  grey  slates, 
that  the  continuity  of  any  supposed  range  of  arenaceous  deposits 
is  very  difficult  to  trace,  more  particularly  when  their  mineralo* 
gical  characters  are  so  similar. 

The  sandstones  and  slates  on  the  east  side  of  Plymouth  Sound 
cut  across  the  land  on  the  west,  in  their  range  in  that  direction, 
as  has  been  above  noticed,  the  Plymouth  limestones  terminating 
somewhat  abruptly  near  Cremil  Passage  and  Empaoombe.  On 
the  coast  between  Trewinnow  and  Tregantle,  in  Whitesand  Bay> 
west  of  the  Rame  Head,  calcareous  beds,  containing  organic 
remains,  are  found  intermingled  with  argillaceous  slate.  The 
fossils  are  ill  preserved,  but,  in  a  collection  presented  by  Mr. 
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Jabma,  Phifeflsor  Phillips  found  more  than  one  species  of  Spi^^ 
rifera ;  p^rts  of  a  Trilobite,  a  species  of  Turbinolia ;  two 
species  of  Calamopwa,  and  many  parts  of  Crinoidea,  consisting 
of  the  columnar  joints  and  plates  of  the  pelvis  of  perhaps  two 
species.  Amid  a  system  of  detrital  rocks>  in  which  limestones 
so  irregularly  appear^  it  would  be  hazardous  to  conclude  that 
these  calcareous  deposits  are  the  actual  continuation  of  the  Ply- 
omuth  beds.  They^  however,  are  sufficiently  in  the  line  of  strike 
to  render  this  inference  probable. 

In  the  direction  of  Looe>  calcareous  beds  are  found  inter- 
mingled  with  the  slate,  which,  if  we  take  their  general  strike, 
would  occupy  a  lower  part  of  the  series  under  consideration  than 
the  Plymoodi  rocks.  Two  patches  of  limestone,  one  on  the  south 
of  Hessen  Ford,  and  the  other  at  Millaton,  between  Trerule  and 
Treskelly,  give  a  continuation  of  the  Looe  beds  towards  St.  Ger- 
beyond  which>  on  the  eastward,  the  calciferous  deposits 
to  be  merged  in  the  intermixture  of  trappean  rocks,  arena- 
ceous beds,  and  argillaceous  slates  of  St.  Stephen's  and  Saltash. 
Tliere  are  calcareous  rocks  near  the  latter  place,  but,  towards 
I>urtmoor,  we  detect  no  calcareous  line  carrying  on  these  beds 
on  the  north  of  the  Plymouth  limestones.  If,  from  the  limestone  of 
Hessen  Ford,  a  section  be  made  northerly  to  Quethiock,  a  mix- 
ture rfarenaceous  beds  and  argillaceous  slates  are  traversed,  among 
which  we  find  a  great  variety  of  trappean  rocks,  some  of  them  pos^ 
seasing  the  schistose  character  so  frequently  noticed*  The  compact 
kinds  are  generally  greenstones,  but,  a  short  distance  out  of  the  Ujie 
of  section,  in  the  direction  of  the  ordinary  trappean  masses,  serpen- 
tine is  found  at  Clicker  Tor,  apparently  included  among  the  slates. 

If  instead  of  this  line  we  take  another  three  or  four  miles  more 
westward,  up  the  Looe  river,  to  the  granite  on  the  north,  not  a 
trappean  rock  is  to  be  found  until  we  arrive  near  the  latter,  in  the 
vicinity  of  St  Cleer.  The  intermixture  of  trappean  rocks,  many 
of  tbetn  schistose  and  ashy,  which  has  characterised  the  argil- 
laoeous  slates  and  sandstones,  from  St.  Cleer,  Liskeard,  and 
Meoheniot,  by  Saltash,  Plymouth,  Yealmpton,  and  Ugborough,  tq 
Ashburton  and  Torbay,  is  no  longer  found.  The  trappean  rocks 
ihemaelYes  become  gradually  mingled  with  a  lower  part  of  the 
gennal  series  from  Saltash  to  St  Cleer,  a  circumstance  which 
would  be  by  no  means  remarkable  if  they  all  bore  evidence  of 
hafiiig  been  intruded  after  the  consoHdation  of  the  slates  and 
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sBtndstones  is  concealed^  and  it  becomes  difficult  to  detennine 
whether  these  sandstones  are  higher  in  the  series  than  the  Torquay 
and  Tor  Moham  limestones,  or  whether  we  may  consider  them  re- 
presented by  the  red  sandstones  occurring  amid  the  beds,  inferior  to 
those  limestones^  which  extend  from  Mead  Foot  Sands  to  Ujdiam. 

With  the  limestones  which  form  the  southern  part  of  Torbay 
we  have  not  the  same  difficulty.  Above  the  red  slates  and  sand- 
stones extending  from  Ash  by  the  Windmill  Hill  to  CoUaton,  the 
singularly-shaped  patch  of  limestone  stretching  from  the  vicinity 
of  the  Dart  to  Higher  Yalberton  seems  clearly  to  rest.  Indeed 
this  patch  may  be  said  to  be  dove-tailed  into  its  highest  part,  for 
tlie  thin  band  of  limestone  which  is  seen  included  among  the 
slates  in  the  descent  from  the  Windmill  Hill  to  Higher  Yalberton 
gradually  swells  out  in  its  course  to  the  south-west,  and  there  unites 
with  another  and  inferior  band  which  commences  at  the  latter 
village,  and  in  a  similar  manner  swells  out  towards  the  south- 
west, both,  after  their  union,  being  suddenly  cut  off  near  Dun- 
cannon,  their  geological  continuation  consisting  of  slate. 

Another  mass  of  limestone,  commencing  about  half  a  mile  firom 
Higher  Yalberton,  near  the  turnpike-road  from  Paington  to 
Brixham,  after  swelling  out  considerably  (see  map),  again  termi- 
nates near  Sandridge  upon  the  Dart,  the  clifis  on  the  line  of  strike 
on  the  river  exhibiting,  however,  no  appearance  of  it,  its  geological 
continuation  consisting  of  slate,  sandstone,  or  conglomerate.  The 
dip  of  these  limestones  is  conformable  to  the  slates  with  which 
they  are  associated,  and  they  would  appear  mere  calcareous 
patches  developed  amid  them. 

Still  continuing  the  section  across  the  strike  of  the  beds,  we  find 
a  considerable  mass  of  vesicular  trap  and  schistose  ash  to  the 
eastward  of  the  limestone  at  Higher  and  Lower  Yalberton,  a 
small  band  of  limestone  crossing  the  turnpike-road  being  appa- 
rently included  in  it.  This  vesicular  trap  and  schistose  a^  is 
associated  with  a  conglomerate  in  which  the  quartz  pebbles  some- 
times attain  the  size  of  a  nut  With  it  also  there  is  more  compact 
trap,  as  is  seen  on  the  north  of  Watton  Court  These  trappean 
and  common  sedimentary  rocks  appear  interposed  betweea  the 
Yalberton  beds  and  the  mass  of  limestone  extending  to  Churston 
Ferrers  and  Brixham ;  and  it  is  worthy  of  remark,  that  at  Saltern 
Cove  in  Torbay  the  limestone  is  seen  to  rest  upon  trappean  rocks 
of  a  generally  similar  character,  constituting  the  floor  upon  which 
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the  calcaieous  matter  was  deposited^  the  whole  having  been  con-* 
torted  by  subsequent  pressure. 

Sandstones  and  slates  chiefly  replace  the  trappean  rocks  of  the 
north  of  Watton  Court  in  their  continuation  on  the  line  of  strike 
to  the  Dart  The  limestone  of  Galmpton  rests  upon  the  slates 
and  sandstones  of  Watton  Court,  apparently  dipping  beneath  the 
argillaoeous  slates  and  associated  rocks  on  the  south  of  Galmpton 
Creek.  At  Mudstone  Sands  near  Brixham^  and  around  Shark- 
ham  Point,  where  an  isolated  patch  of  limestone  is  found,  there 
are  equivocal  appearances  arising  both  from  the  strike  of  the 
lamination,  which  does  not  always  coindde  with  the  beds,  (p.  45, 
fig.  3,)  and  from  the  manner  in  which  the  limestone  seems  to 
terminate,  a  manner  not  confined  to  this  locality,  but  which  is 
observable  very  commonly  on  the  western  sides  of  the  various 
limestone  patches  that  occur  from  Ogwell  to  Gblmpton  Creek* 
Allowing,  however,  that  the  geological  continuation  of  the  lime- 
stones may  be  argillaceous  slate  at  Mudstone  Sands  and  Sharic-* 
ham  Point,  and  that  the  limestone  does  not  clearly  dip  beneath 
the  slate  at  the  latter  locality,  the  mass,  of  which  they  each 
respectively  constitute  subordinate  parts,  plunges  beneath  arena- 
ceous rocks  on  the  south,  the  continuation,  apparently,  of  sand« 
stones  intermingled  with  slates  which  bound  the  ealciferous  country 
from  Modbury  to  and  beyond  the  Dart ;  this  arenaceous  series 
being,  however,  very  variable  in  its  general  characters,  sometimes 
miming  into  quartz  rock,  as  at  Black  Down  on  the  east  of  Mod- 
bury,  and  at  Morleigh  Down,  on  the  south  of  Morleigh,  while  at 
others  it  is  greatly  intermingled  with  argillaceous  slates,  as  on  the 
banks  of  the  Dart. 

The  geological  structure  of  the  country  between  Chudleigh  and 
Kingsteignton  is  such,  the  older  beds  being  so  overlaid  by  several 
more  modem  deposits,  and  generally  bearing  such  marks  of  dis^ 
turbance  and  dislocation  where  visible,  that  the  connexion  between 
the  limestcnes  which  occur  at  Chudleigh,  Ugbrook  Park,  Orchard 
Well,  Ideford,  Rock  Hill,  and  between  Lyndridge  and  Kings-^ 
teigoton,  and  those  before  noticed,  have  not  as  yet  been  satisfac- 
torily ascertained  The  band  of  limestone  which  commences  on 
the  west  near  Lower  Herkley,  on  the  south  of  Chudleigh,  and 
passes  thence  by  Grayleigh  to  the  lower  part  of  the  Haldon  Hills, 
along  which  it  ranges  in  a  northern  direction  to  Whiteway  House, 
curves  in  so  remarkable  a  manner  in  conformity  with  the  general 
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bend  of  rocks  prodnoed  by  the  intruacm  of  the  granite  on  the  west, 
that  there  is  some  difficuky  in  referring  its  position,  relatively  to 
the  carbonaceous  rocks  with  which  it  is  iu  contact,  to  a  fault  ranging 
from  Bickington  on  the  south-west,  and  concealed  between  Lower 
Herkley  and  Ash  Hill  by  more  modem  rocks.  The  dip  of  the 
carbonaceous  rocks  on  the  east  of  this  band  »  in  a  direction  be^ 
neadi  it,  and  it  is  covered  by  the  carbonaceous  rocks  of  Ugbrook 
resting  upon  it.  Viewed  by  itself,  this  band  has  much  the  ap- 
pearance of  being  induded  in  the  carbonaceous  system  in  the 
manner  of  the  Holcomb  Rogus  beds  on  the  north,  to  be  hereafter 
noticed.  At  Waddon  Barton  the  Umestones  rest  upon  fine  argil- 
laceous slates,  differing  from  the  general  mass  of  carbonaceous 
slates  around  them ;  and  we  might  here  suppose  that  the  limestone 
and  this  slate  formed  an  island  of  the  older  grauwacke  rocks,  a 
continuation  of  the  Bickington  band,  surrounded  by  carbonaceous 
rocks  of  more  modem  deposit.  Organic  remains  will  go  &r  to 
determine  this  point  At  present  the  species  of  corals,  the  chief 
fossils  detected  in  it,  are  considered  to  be  the  same  with  those  found 
near  Ogwell  and  Newton  Bushell ;  but  when  we  reflect  what  care- 
ful examination  these  fossils  require,  it  would  probably  be  prema- 
ture to  form  any  opinion  founded  on  tins  supposition  without  more 
complete  evidence  than  we  now  possess. 

lliere  is  the  same  difficulty  attending  the  Umestones  of  Ug- 
brook Park,  Orchard  Well,  Ideford,  and  Lyndridge.  They 
have  been  for  the  most  part  violently  dislocated,  and  the  rents 
filled  by  crystals  of  carbonate  of  lime  of  large  size,  and  most 
frequently  in  layers  above  each  other  parallel  to  the  walls  of  the 
fissures,  in  the  manner  so  frequently  seen  in  limestone  districts. 
The  fissures  so  filled  are  often  large  enough  to  remind  us  of  the 
great  cross  courses  filled  by  layers  of  quartz  in  the  metalliferous 
districts  of  Cornwall  and  Devon.  If  we  consider  the  various 
patches  of  limestone  from  Chudleigh  to  Kingsteignton  to  be  the 
bared  portions  of  a  series  of  grauwacke  beds  (the  continuation 
of  those  between  Bickington  and  Abbot's  Kerswell)  covered  up 
by  patches  of  more  modem  deposits,  including  anwng  the  latter 
the  carbonaceous  beds  of  Ugbrook  Park,  Hestow,  and  Lower 
Wear,  we  might  suppose,  from  the  direction  of  the  western  part 
of  the  Cliudleigh  band,  that  it  was  a  continuation  of  the  Bicking- 
ton limestones,  while  the  beds  between  Lyndridge  and  Kings- 
teignton belonged  to  the  limestone  series  of  Newton  Bushell^ 
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Ogwell^  and  Ipplepen.  TbeBe  latter  support  a  series  of  carbo* 
naceooB  beds  rery  similar  to  those  of  Ugbrook  Park  and  Hestow 
Fann,  possessing  characters  that  may  however  be  local  and 
accidental,  but  which  nevertheless  may  be  regarded  in  a  compli- 
cated country,  such  as  that  under  notice,  where  the  older  deposits 
are  covered  up  so  irregularly  by  more  modem  rocks,  and  the 
whole  is  broken  by  faults,  among  which  may  be  instanced  that 
at  Connator  Quarry,  between  East  Ogwell  and  Abbot*s  KerswelL 

To  render  the  subject  still  more  complicated,  organic  remains 
have  been  detected,  more  particularly  near  Newton  Bushell  and 
Ogwell,  among  which  many  shells  bear  so  great  a  resemblance 
to  others  detected  in  the  true  carboniferous  or  mountain  lime-^ 
stone,  that  at  a  first  glance  they  might  be  considered  of  the  same 
species.  How  far  they  may  bear  that  careful  scrutiny  to  which 
they  wiD  probably  be  subjected  remains  to  be  seen.  In  the  mean 
time,  however,  the  near  approximation  to  form,  supposing,  for  the 
sake  of  the  argument,  that  it  is  merely  a  near  approximation  of 
these  shells  to  species  well  known  in  the  true  carboniferous  lime- 
stone, is  a  subject  of  considerable  interest. 

From  the  sections  on  the  Dart  and  the  structure  of  the  country 
around  Woodland,  Broadhempston,  Torbryan,  Staverton,  and 
little  Hempston,  there  would  appear  no  reason  to  conclude  that 
the  limestones,  slates,  and  sandstones  on  the  east  are  not  con« 
tinuous  portions  of  the  beds  before  nbticed  between  the  Dart  and 
T^onar.  On  the  contrary,  the  Dart  sections  show  that  the  mass 
of  which  the  limestones  merely  form  a  constituent  part  continues 
across  in  its  general  line  c^  strike. 

We  should  expect,  if  the  Plymouth  limestones  formed  portions 
of  the  same  minor  series  of  rocks  with  the  limestones  observed 
between  Bickington  and  Brixham,  and  between  Chudleigh  and 
Torquay,  that  there  would  be  some  organic  remains  common  to 
both.  Hitherto  the  organic  remains  of  South  Devon  have  not 
received  that  careful  examination  to  which  they  will,  it  is  hoped, 
be  soon  subjected :  it  therefore  would  be  premature  to  attempt 
a  general  conclusion  on  this  head.  It  may  however  be  stated, 
that,  having  submitted  the  shells  in  the  Rev.  R.  Hennah's  collec- 
tion at  Plymouth,  a  few  years  ^nce,  to  Mr.  Sowerby,  he  found, 
having  previously  examined  a  collection  we  transmitted  from 
Torquay,  and  Bradley  near  Newton  Bushell,  that  TtrebraHiia 
Ptynufy  Cardium  aU^orme,  Murex  ?  Harpula,  Buccinum  imbri* 
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The  general  line  of  coast  of  Veryan  Bay,  from  the  Dodman 
Point  to  PorthoUand,  cuts  the  direction  of  the  heds  in  a  manner 
highly  favourable  for  the  study  of  the  various  rocks  which^  in  the 
line  of  strike,  run  south-westward  into  the  sea  on  this  part  of 
Cornwall.  Commencing  with  the  slates  of  the  Dodman,  we  have 
the  following  rocks  in  the  descending  order,  the  dip  of  the  whole 
being  about  south-east : — 


1.  Micaceous  and  arenaceous  slate  of 

9.  Conglomerate,    tomettmes    coarse, 

the  Dodman. 

with  argillaceous  slate. 

2.  Arenaceous  slate. 

10.  Quartz  rock. 

3.  Argillaceous  slates,  often  calciferous. 

11.  Conglomerate,   containing  rounded 

(Continuation  of  the  Gtonan  Hayen 

pieces    of  sandKtone   and  slates, 

imestones.) 

some  of  them  as  large  as  a  man's 

4.  White  micaceous,  siliceous  and  fel- 

head. 

spathic  schistose  rock,  with  iron 

12.  Trap  rock,  intermingled  with  the 

pyrites. 

conglomerate. 

5.  Argillaceous    slate,    calciferous    in 

13.  Conglomerate,  some  of  the  nNinded 

part. 

fragments  of  pre-existing  rocks  of 

6.  Quartz  rock. 

large  size. 

7.  Argillaceous  slate. 

14.  Argillaceous  slate. 

8.  Siliceous  slate. 

15.  Finer-grained  conglomerate. 

16.  Argillaceous  slate. 

This  section^  compared  with  that  from  the  Dodman  Point  to 
Mevagissey^  is  remarkable  as  showing  a  great  increase  in  the  size 
of  the  constituent  detrital  matter  in  a  short  distance ;  for  there  can 
be  little  doubt  that  the  mass  of  beds  exposed  in  this  part  of 
Veryan  Bay  is  a  continuation  of  that  cut  by  the  coast  from  the 
Dodman  to  Portmellion. 

Prom  PorthoUand  to  the  Nare  Head  the  coast  keeps  very  nearly 
the  line  of  strike  of  the  beds.  Even  this,  however,  is  interesting, 
inasmuch  as  we  are  enabled  to  see  how  any  change  or  modificatioa 
may  be  exhibited  for  that  distance  in  the  character  of  such  beds. 
The  association  of  trappean  rock  with  the  conglomerate  near  Car- 
hayes  would  lead  us  to  suspect  some  local  cause  of  disturbance 
during  the  formation  of  this  part  of  the  series.  The  whole  coast 
from  PorthoUand  to  the  Nare  Head  bears  out  this  view,  for  we 
find  greenstone  and  a  trappean  conglomerate  so  intermingled  with 
each  other  and  with  accompanying  argillaceous  slate>  that  it  is 
diflScult  to  separate  them.  Tliese  rocks  are  well  seen  around 
Nare  Head,  where  we  not  only  find  the  more  common  modifica* 
tions  of  the  trappean  rocks  of  the  district,  and  schistose  x^n^lome- 
rates  with  a  trappean  cement,  but  serpentine  atid  diaflage  rock. 
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mixed  in  a  manner  with  the  others,  which  would  seem  to  mark 
local  igneous  action  during  the  formation  of  this  part  of  the 
general  series^  accompanied  by  a  small  upburst  of  serpentine  and 
diallage  rock,  both  of  which  resemble  the  same  rocks  in  the 
Lizard  district,  and  are  well  characterised. 

The  serpentine  and  diallage  rock  are  not  continued  to  the  coast 
in  Gerran  s  Bay,  neither  are  they  found  in  the  general  line  of  strike 
beyond  the  cove  under  Penare  Barn,  where  they  are  intermingled 
with  a  talcose  kind  of  slate  passing  into  common  argillaceous^ 
slate.  The  trappean  conglomerate  intermixed  with  greenstone  is 
continued  to  and  beyond  Porthloe,  losing  its  trappean  character 
to  the  north-east,  becoming  fine-grained,  and  eventually  merging 
into  arenaceous  beds  and  argillaceous  slate,  which  dip  beneath 
the  beds  previously  noticed  between  the  Dodman  and  PorthoUand. 

Continuing  the  descending  section  afforded  by  the  coast  from 
PorthoUand  to  the  Nare  Head,  and  thence  roimd  to  Gerran*s  Bay, 
we  obtain  the  following  rocks  iu  the  descending  order : — 

17.  TnppeiLa  rocks  and  conglomerates,  among  which  are  serpentine  and  dial- 

Isge  rock,  occupying  a  very  limited  area,  the  whole  intermingled  with 
common  aranaeeous  beds  and  argillaceous  slates,  which  predominate  in 
tbe  line  of  strike  to  the  north-east. 

18.  Conglomerate  beds»  not  thick. 

19.  Arenaceons  beds  intermingled  with  argillaceous  slates. 

20.  Quarts  rock,  continued  by  Came  inland. 

21.  Sandstones. 

22.  Chey  compact  limestones,  traversed  by  small  Toins  of  calcareous  spar,  and 

l^  larger  Teins  of  quartz. 

23.  Argillaceous  slates,  among  which,  a  short  distance  inland,  there  is  limestone 

similar  to  No.  22.  These  limestones  appear,  by  the  line  of  strike,  to  be 
developed  in  the  same  run  of  rocks  with  those  passing  through  Very  an.* 
5  also  occurs  in  the  argillaceous  slates  near  Gwendra. 


It  mil  be  clear  that  tbe  limestones  of  Veryan  are  lower  in  the 
general  series  than  those  of  Gorran  Haven,  as  indeed  is  also  seen 
by  continuing  the  coast  section  from  the  Dodman  to  PorthoUand 
up  the  valley  to  Polgrain,  where  limestones  are  found  intermingled 
with  the  slate  continued  from  Veryan.  The  Veryan  limestones 
would,  therefore,  according  to  the  views  above  taken,  be  also 
lower  than  the  calciferous  beds  of  Fowey  and  Looe. 

*  Tbe  Veryan  limestones  are  described  by  the  Rev.  S.  Trist  in  the  Transactions  of 
the  Geological  Sooety  of  Cornwall,  vol.  i.  p»  107,  a  memoir  to  which  the  Rev.  Canon 
Mo^OB  ajldfd  an  appendix  with  a  notice  of  other  Cornish  limestones. 
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From  Pendowa  (in  Gerran's  Bay)  the  beds  are  curved  round 
with  a  southern  strike  to  the  Cabe  and  the  Greeb,  so  that  the  ar- 
gillaceous slates^  mixed  occasionally  with  arenaceous  beds,  inferior 
to  those  above  noticed,  become  exposed  at  the  Zoze  Point  on  the 
east  of  the  entrance  to  Falmouth  Harbour.  Though  the  general 
dip  of  the  beds  is  to  the  east  and  east-south-east,  the  edges  of  still 
lower  beds  are  exhibited  up  the  Falmouth  estuary  to  Mesack 
Point,  where  red  and  variegated  slates  appear  in  the  descending 
order,  dipping  beneath  grey  argillaceous  slates. 

Returning  to  the  red  and  variegated  slates  stretching  on  the 
south  of  the  granite  from  St  Austell  to  St.  Stephen's,  and  which, 
if  the  section  above  noticed  be  correct,  are  higher  in  the  series  than 
those  found  in  the  Falmouth  estuary,  we  experience  considerable 
difficulty  in  tracing  them  satisfactorily  to  the  westward,  and  this 
difficulty  is  much  increased  by  finding  red  and  variegated  slates 
in  several  places  round  the  granite  of  the  Hensborough  district, 
beds  which,  though  mineralogically  alike,  may  readily  occupy 
diflFerent  situations  in  the  general  series. 

From  the  Tregoss  Moors,  red  and  variegated  beds  can  be  traced 
to  the  cliffs  on  the  west  at  Watergate  Bay,  where  a  very  fine 
section  of  them  is  exhibited ;  they  dip  to  the  south,  and  thus  rise 
to  the  arenaceous  rocks  of  the  high  land  extending  from  St.  Eval 
to  St.  Breock's  Down.  Unfortunately  the  schistose  country  be- 
tween St.  Columb  Major  and  Lanivet  is  so  mixed  with  granite 
and  elvan,  and  rocks  which  appear  altered  in  the  line  of  .strike, 
that  the  red  and  variegated  slates  are  not  easily  traced  for  that 
distance,  and  the  line  of  direction  afterwards  comes  upon  beds 
disturbed  by  the  protrusion  of  the  granite  of  Bodmin  Downs  on 
the  one  side,  and  that  of  the  Hensborough  district  on  the  other. 

Returning  to  the  coast  section  at  Watergate  Bay,  where  a  north 
and  south  dyke  of  granitic  elvan  cuts  through  the  variegated  beds, 
we  find  calcareous  rocks  resting  upon  these  beds  at  Forth  Island, 
Lower  St.  Columb  Forth.  The  calcareous  rocks  are  fossiliferous, 
and  among  them  is  a  bed  containing  broken  organic  remains,  some 
of  which  Professor  Phillips  considers  to  be  parts  of  fish.  In  a 
few  places  the  calcareous  rock,  which  is  developed  somewhat 
irregularly,  contains  large  quantities  of  Cnnoideal  stems.  The 
calcareous  slates  between  New  Quay  and  Towan  Head,  which^  if 
they  be  not  precisely  a  continuation  of  the  same  beds,  are  closely 
associated  with  them,  are  also  fossiliferous,  and  Professor  Phillips 
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considers  that  there  is  a  fith  tooth  among  the  specimens  we  there 
collected.  The  other  organic  remains  from  the  same  locality  are 
parts  of  Crinoideay  Calamopora,  and  a  species  of  Turbinolia  ? 

Near  New  Quay  and  Crantock^  the  argillaceous  slates^  in  which 
the  calcareous  beds  are  found  near  Towan  Head^  and  another 
small  patch  occurs  on  the  north  of  Trevemper,  are  much  cut 
by  trap  rocks^  evidently  intrusive,  and  not  unfrequently  running 
across  the  direction  of  the  beds.  The  sketch  beneath  (fig.  8)  shows 
the  manner  in  which  the  trap  has  been  ejected  into  cracks  formed 

Fig.  8. 


ill  the  schistose  rocks  near  Towan  Head,  at  a  cove  on  the  south, 
where  orgauie  remains  are  common,  the  dark  parts  in  the  cliff  re- 
presenting the  trap  veins.  Fig.  9  is  a  section  at  Towan  Head, 
where  a  trap  dyke  cuts  partly  through  the  beds  and  partly  runs 

Fig.  9. 


with  them,  the  force  forming  the  fissure  having  broken  occa- 
sionally through  lines  of  least  resistance  in  the  planes  of  stratifi- 
cation. Trap  dykes  cut  through  the  slates  across  the  Ganel, 
and  trap,  amid  confused  strata,  is  well  exhibited  on  the  cliff 
between  the  Chick  Rock  and  Holywell  Bay. 
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Away  from  these  local  causes  of  dislurbance,  the  maia  mass  of 
grey  argillaceous  slate  that  succeeds  the  variegated  slates  of 
Watergate  Bay,  and  which  contains  calcareous  slates,  and  eren 
limestone  beds,  in  its  lower  part,  may  be  seen  to  dip  southward, 
if  we  can  trust  to  lines  of  lamination.  Near  Ligger  Point,  on  the 
north  of  Piran  Bay,  the  beds  dip  south.  Unfortunately  the  coast 
is  covered  by  sand  at  the  bottom  of  Piran  Bay,  precisely  where 
a  good  natural  line  of  section  would  be  valuable. 

Having  noticed  the  red  and  variegated  slates  of  Watergate  B«y, 
and  the  calcareous  rocks  of  Lower  St.  Columb  Porth  and  New 
Quay,  it  becomes  desirable  to  see  how  far  they  are  connected 
along  North  Cornwall  with  the  calcareous  rocks  previously  no- 
ticed near  Tintagel  (p.  58),  apparently  a  continuous  portion  of 
the  same  minor  system  of  deposits  which  ranges  from  South 
Petherwin  through  Trewen,  to  the  coast  of  the  Bristol  Channel. 
The  beds  make  a  very  considerable  bend,  as  before  stated,  round 
by  Tintagel  to  the  great  Delabole  slate-quarries.  Taking  general 
lines  of  lamination  and  runs  of  greenstone  as  guides,  these  beds 
would  be  continued  by  St.  Teath  and  Michaelstow,  St.  Tudy  and 
St.  Mabyn,  towards  Egloshayle  and  Wade  Bridge,  a  branch  being 
thrown  off  from  St.  Teath  in  the  direction  of  Endellyon  and  Pen- 
tire  Point,  thus  forming  a  depression  between  the  ranges  in  which 
more  modem  beds  occur,  among  them  a  mas»  of  variegated  slates 
extending  across  the  country  frmn  St.  Kew  and  St  Minver  to 
Padstow  Harbour. 

Numerous  bands  of  greenstone  and  other  trappean  rocks  are 
found  in  the  strike  of  the  beds  from  Pentire  Point  and  Hell  Bay, 
through  Endellyon  and  Port  Isaac  eastward.  Some  of  these 
bands  are  formed  of  greenstone,  some  of  varieties  to  which  it  is,  as 
usual,  more  difficult  to  assign  names,  while  others  are  vesicular, 
the  vesicles  being  frequently  filled  by  carbonate  of  lime,  an  in- 
teresting fact,  inasmuch  as  it  would  appear  to  show  calcareous 
matter  disseminated  through  the  associated  mass.  These  rocks 
are  found  between  Endellyon  and  Port  Isaac.  While  some  of 
the  trap  rocks,  more  particularly  the  vesicular  varieties,  remind 
lis  of  the  contemporaneous  igneous  products,  so  often  previously 
noticed,  others  break  through  the  slates  in  a  manner  to  show  that 
the  latter  were  consolidated  before  the  igneous  matter  was  in- 
truded among  them.  Examples  of  intrusion  are  well  exhibited 
near  Porthqueen,  and  at  Kellan  Head  fragments  of  date  are 
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canght  up  in  the  trap,  where  they  have  apparently  been  much 
altered  by  their  imprisonment  in  the  igneous  mass.  There  is, 
however,  notwithstanding  the  clear  intrusion  of  part  of  the  trap, 
so  much  vesicalar  rock  in  some  places,  that  we  might  consider 
igneous  rocks  to  have  flowed  during  the  general  deposit  of  the 
aixrompanying  sedimentary  beds. 

A  conglomerate  composed  of  fragments  of  slate,  cemented  by 
argiUo-calcareous  matter,  occurs  near  Rosearrock,  interstrati- 
fied  with  the  general  mass  of  rocks,  which,  with  a  few  minor 
reverse  dips,  plunges  to  the  southward,  apparently  supporting 
the  ved  and  variegated  slates  of  St.  Kew  and  St.  Minver.  The 
latter  are  mixed  with  trappean  rocks  in  the  direction  of  St  Eno- 
doek,  the  red  and  variegated  character  becoming  more  rare  to  the 
westward;  so  that  in  the  strike  of  the  beds  in  that  direction  across 
Padstow  Harbour  it  is  less  conspicuous.  There  is  much  disturbed 
eountry  on  the  coast  between  Stepper  Point  and  Trevose  Head, 
and  on  the  north  and  west  sides  of  the  latter  trappean  rocks  are 
singularly  mixed  with  arenaceous  beds  and  argillaceous  slates. 
A  range  of  trappean  rock  runs  eastward  from  Permizen,  where  it 
comes  into  contact  with  limestone,  generally  stated  to  be  fossili- 
ferons^  How  far  this  limestone  may  be  continuous  with  a 
small  portion  among  the  schistose  rocks  near  Padstow  it  would 
be  difficult  to  say,  from  the  occurrence  of  the  trap.  It  is  how- 
ever not  far  from  the  general  strike  of  the  Rock  beds,  which  are 
found  on  the  east  side  of  Padstow  Harbour,  and  are  at  least 
closely-allied  beds  in  the  general  series.  Organic  remains  are 
found  in  the  slates  of  Permizen  Bay,  and  abundantly  in  the  slates 
associated  with  calcareous  beds  near  Dinas  Cove,  on  the  south  of 
Pbdstow.  Those  in  the  latter  locality  are  chiefly  one  kind  of  coral, 
which  Mr.  Lonsdale  considers  referrible  to  the  genus  Turbinolopsis 
of  Lamouroux.  On  the  south  of  Dinas  Hill  a  conglomerate  occurs 
resembling  that  of  Ro8carrock>  and  dark-coloured  limestone  is 
found  at  Lower  Dinham. 

If  we  take  the  lamination  of  the  slate  as  a  guide,  a  trough 
extends  from  Constantine  Bay  on  the  west  across  to  Dinas  Hill 
and  Cove,  on  the  Camel,  near  Padstow.  It  then  would  appear 
to  pass  up  the  vaHey  of  the  Camel  to  Trewoman,  strikmg  thence 
to  St.  Kew,  beyond  which  the  supporting  beds  unite  and  range 
to  St.  Teatb,  Delabole,  and  TintageL  Calcareous  rocks  dipping 
north  are  fovnd  in  Bodeeve  Gove,  near  Wade  Bridge,  and  may 
lepresent  the  Rock  or  I^nham  hmestones  turned  up  on  the  south. 
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Corals  of  the  same  species  as  those  occurring  near  Dinas  Cove  are 
found  on  the  Camel^  near  the  roofing-slate  quarries  of  Penquean. 

The  patches  of  trap  rock,  elongated  in  the  strike  of  the  beds 
between  St  Teath  and  Egloshayle,  terminate  somewhat  abruptly 
near  the  Camel,  and  the  slates  in  which  they  occurred  are  con- 
tinued without  them  by  St  Breock  and  St.  Ervan  to  the  sea  on 
the  west,  trappean  rocks  reappearing  among  them  at  Park  Head. 
Although  argillaceous  slate  is  the  predominant  rock,  arenaceous 
matter  is  sometimes  found  among  it,  and  even  black  carbonaceous 
slates  are  seen,  as  near  Denham's  Bridge.  Though  this  mass 
seems  to  undulate  on  the  north  of  the  high  land  of  St.  Breock's 
Downs  and  in  its  continuation  to  the  sea,  it  rises  as  a  whole  to  it 

The  high  land  of  the  range  last  mentioned  is  chiefly  composed 
of  arenaceous  rocks,  many  of  the  beds  approaching  quartz  rock, 
and  some  being  micaceous.  They  seem  to  have  been  subjected  to 
great  force,  which  has  squeezed  them  up  in  the  line  of  direction. 

Fig.  10. 


The  annexed  sketch  (fig.  10)  of  High  Cove,  from  Trenance  Point, 
exhibits  a  section  of  the  contortions  of  these  arenaceous  beds  on 
the  west,  where  the  sandstones  would  appear  to  be  less  abundant 
than  in  the  direction  of  St.  Breock's  Downs.  In  that  direction 
the  arenaceous  beds  are  traversed  by  numerous  quartz  veins 
cementing  fragments  of  the  sandstones  that  appear  to  have  been 
much  shattered. 

The  arenaceous  and  quartzose  rocks  of  St  Breock's  Downs  are 
not  continued  far  with  the  same  characters  across  the  Camel  to 
the  eastward.     There  are  arenaceous  beds  in  the  line  of  strike. 
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but  they  are  not  generally  so  highly  quartzose  as  those  of  the 
Downs.  Should  this  veined  and  highly  quartzose  character  be 
due  to  fracture^  as  we  have  above  supposed,  the  change  would  be 
accounted  for  by  the  less  broken  state  of  the  rocks  in  their  line 
of  bearing  to  the  eastward  towards  Baron  Down,  beyond  Bodmin. 

Where  great  contortions  exist  it  is  extremely  hazardous  to 
trust  to  dips  when  the  latter  are  not  frequently  exposed ;  and 
therefore  much  obscurity  prevails  between  St.  Breock's  Downs 
and  the  country  east  from  Bodmin.  From  Ruthern  Bridge  to 
Huslyn  Down  (an  eastern  part  of  St.  Breock's  Down)  the  dip 
is  northerly ;  and  the  same  inclination  is  seen  in  the  valley  near 
Tregoon.  It  is  more  variable  in  the  line  of  strike  on  Nantallan 
Down.  At  Bodmin  Down  and  Castle  Canyke  the  want  of  good 
sections,  when  we  examined  that  country,  was  much  felt,  occurring 
as  their  component  arenaceous  rocks  do  between  the  sandstone 
range  of  St.  Breock's  Downs  and  the  arenaceous  beds  of  Five 
Barrow  Down ;  so  that  it  became  exceedingly  difficult  to  deter- 
mine, where  mineral  character  was  so  similar,  whether  they 
formed  part  of  a  continuous  series  or  not*  If  they  do,  the  dip 
obtained  by  aid  of  the  lamination  between  the  red  and  variegated 
slates  of  Lansalloes,  the  Fowey  River,  and  Tywardreth,  on  the 
south,  is  deceptive ;  and  though  the  lamination  of  the  grey  argil- 
laceous slates  continues  the  same,  the  true  beds  must  rise  up  to 
the  northward  before  they  reach  the  sandstones  of  Boconnoc  and 
Five  Barrow  Hill.  Be  this  as  it  may,  the  slates  of  Watergate 
Bay  rest  on  the  sandstones  of  St.  Eval  and  St.  Breock*s  Down ; 
and  the  red  and  variegated  beds  of  St.  Kew  and  St.  Minver  seem  . 
to  be  the  same  with  the  red  and  variegated  beds  of  Watergate 
Bay ;  the  calcareous  rocks  of  Lower  St.  Columb  Forth,  New 
QvoLy,  and  the  Ganel,  representing  in  a  general  manner  the  lime- 
stones of  Rock,  Padstow,  and  Permizen.  Not  that  in  a  district 
such  as  Cornwall  and  Devon^  where  calcareous  matter  is  so  irre- 
gularly developed  amid  the  slates  and  sandstones,  we  should 
expect  to  find  patches  to  correspond  in  exact  relative  position  on 
both  sides  of  a  great  fold  of  beds. 

Having  thus  endeavoured  to  trace  the  minor  systems  of  the 
grauwacke  of  Devon  and  Cornwall  westward  to  a  line  drawn 
from  Piran  Bay  to  St.  Stephen's,  and  thence  along  the  course  of 
the  Fal  to  Falmouth  Harbour,  it  must  be  confessed  we  experience 

*  Eocrimtal  reinains,  discoveied  by  Dr.  Potts,  occur  in  the  quarries  near  the  Lu- 
BAtac  Asylum  at  Bodmin. 
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considerable  difficulty  in  following  them  still  further  westward,' 
so  as  to  join  the  rocks  on  the  north  and  south  satisfectorily  with 
each  other.  The  fine  conglomerates  which  are  mingled  with  the 
rocks  near  Grampound  are  in  the  line  of  similar  rocks,  approach- 
ing however  nearly  to  common  sandsUmes,  that  are  found  near 
Pentewan,  on  the  northern  side  of  the  great  undulation  which 
throws  the  red  and  variegated  beds  of  St.  Austell  to  the  nortb- 
ward.  The  fine-grained  conglomerates  near  Grampound  dip  as 
a  whole  northerly,  supporting  grey  argillaceous  slates  on  which 
the  red  and  variegated  beds  of  St.  Stephen's  rest 

Taking  this  arenaceous  or  conglomerate  rock,  from  the  general 
scarcity  of  such  deposits  in  the  district,  as  a  guide,  we  can  follow 
it  between  Ladock  and  Probus,  after  which  the  sections  are  indif- 
ferent in  the  line  of  strike :  still  ^milar  beds  may  from  time  to 
time  be  seen  in  the  direction  of  Trevalsa  and  Zealla,  on  the 
north-west  of  St.  Allen.  Near  the  former  place  it  is  well  charac- 
terised, and  some  of  the  constituent  detritus  of  the  size  of  shot 
and  peas.  Here  it  dips  southerly,  resting  upon  and  apparently 
connected  with  the  arenaceous  beds  and  argillaceous  slates  of 
Newlyn  Downs,  rocks  which,  from  their  prevalent  dip,  seem  to 
rest  upon  the  slates,  at  the  lower  part  of  which  we  find  the  calca- 
reous rocks  of  New  Quay  and  Lower  St  Columb  Porth. 

If  these  fine  conglomerates  do  really  constitute  parts  of  the 
same  continuous  minor  series,  the  dip  has  become  reversed 
between  Grampound  and  Trevalsa,  and  the  beds  have  arched  over 
in  the  intermediate  distance,  and  the  upper  beds  must  have 
gradually  been  thrown  out,  so  that  the  red  and  variegated  slates 
ought  to  have  disappeared  gradually.  The  red  colour,  how- 
ever, as  we  have  seen  in  South  Devon,  is  not  always  continued 
along  the  same  beds ;  we  may,  therefore,  have  slates  continued 
westward  from  St.  Stephen's  which  are  not  red,  and  consequently 
we  may  too  hastily  assume  that  they  have  disappeared — a  point 
the  more  embarrassing,  as  the  protruded  granite  near  the  red 
beds  of  St  Stephen's  also  supports  the  red  and  variegated  beds 
extending  from  Watergate  Bay  to  the  eastward. 

The  country  is  so  cut  up  by  lodes  and  elvan  dykes  between  St. 
Agnes  and  the  Falmouth  estuary,  that  the  relative  positions  of  the 
constituent  beds  are  difficult  to  determine.  Arenaceous  rocks, 
mixed  with  argillaceous  slates,  extend  from  the  sea  near  Port- 
reath,  by  Prince's  Ck)mnu)n,  to  Penhallow  Downs,  continuing  thence 
in  a  direction  towards  the  coarser  detrital  deposits  near  Trevalsa* 
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and  the  mixed  arenaceous  and  slate  beds  on  the  north  of  it^  the 
line  of  strike  having  made  a  great  bend  in  conformity  to  the 
general  range  of  the  land.  Red  and  vari^ated  slates  are  found 
in  the  mines  of  Gwennap  and  Redruth.  In  the  vicinity  of  Truro 
there  is  a  contortion  at  the  eastern  end  of  the  elvan  dykes^  ex- 
tending from  Gwennap  towards  it  The  dips  then  radiate  out- 
wards (see  map),  but  become  reversed  on  the  north  towards  St. 
Allen,  while  they  gradually  pass  round  by  Pencalenick  to 
Aferther,  where  they  again  coincide  with  the  general  south-west 
strike  coming  from  Tregony. 

From  tbe^neral  direction  of  the  beds,  the  red  and  variegated 
slates  strike  through  Falmouth  Harbour,  from  the  vicinity  of  St. 
Just,  to  the  southern  part  of  Falmouth.  They  can  be  well 
stufUed  on  the  beach,  at  low  water,  between  Pendennis  Castle 
and  Swan  Pool,  where  the  irregular  manner  in  which  arenaceous 
rocks  are  mingled  with  the  mass  is  very  instructive.  Indeed  the 
red  rocks  are  in  many  places  seen  to  be  almost  altogether  arena- 
ceous. These  beds  are  supported  by  gray  or  brown  argillaceous 
slates  that  range  from  the  skirts  of  the  granite,  where  they  have 
been  much  altered,  by  Falmouth,  Milor,  and  Restronget,  to  Feock, 
beyond  which,  on  the  north,  the  red  or  variegated  beds  curve 
from  the  Falmouth  estuary,  round  between  Kea  church  and 
Truro,  towards  St  Day. 

However  obscure  the  structure  of  the  country  comprised  within 
a  line  drawn  from  Truro  to  Tregony,  Grampound,  and  Ladock, 
and  continued  thence  by  Michell,  St.  Agnes,  and  Gwennap,  back 
to  Truro,  may  be,  the  continuity  of  the  rocks  from  Falmouth  to 
the  sea  near  Helston  can  easily  be  traced.  The  variegated  beds 
between  Swan  Pool  and  Pendennis  Castle  seem  to  occupy  the 
same  relative  position  widi  the  red  and  variegated  slates  near 
Gweek,  a  connection  between  them  being  found  in  several  in- 
termediate places.  A  run  of  more  common  grey  argillaceous 
slates,  mingled  with  a  few  arenaceous  beds,  rests  upon  them ;  and 
there  is  little  difficulty  in  seeing  that  the  rocks  of  Rosemullion  and 
Mawnan  are  continuous  portions  of  those  at  St.  Anthony  and 
Borhortha  Point  on  the  north-east.  On  the  cliff  on  the  south  of 
Mawnan  church  a  trap  dyke  cuts  through  the  range  of  the  beds, 
disturbing  and  rending  them,  the  rents  so  made  being  now  filled 
with  quartz.  There  are  other  dykes  of  trap,  near  Mawnan,  and 
one  or  two  on  the  opposite  side  of  the  Helford  river. 
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In  one  place  in  the  ledge  of  rocks  near  Mawnan  church,  dry 
at  low  tide,  we  see  the  singular  intermixture  of  trap  and  slale 
represented  beneath  (fig.  11).     The  dark  shaded  part  represent- 

Fig.  11. 


ing  the  trap,  which  has  apparently  been  injected  in  an  irregular 
manner  amid  the  laminie  of  the  slate,  forming  a  continuous  mass 
beneath,  it  having  merely  so  happened  that  the  plane  of  the  ledge 
cuts  the  junction  of  the  two  rocks,  so  as  to  produce  this  appear- 
ance. The  trap  probably  forms  a  portion  of  a  dyke,  which  in  the 
adjoining  cliff  runs  partly  among  the  beds,  and  partly  cuts 
through  them,  in  one  place  including  a  large  piece  of  the  rock 
which  it  traverses. 

Following  the  line  of  coast  on  the  south  of  the  Helford  river, 
we  find  argillaceous  slate  dipping  southerly  at  St.  Anthony.  At 
Flushing  a  conglomerate,  some  of  the  pebbles  in  which  are  of 
large  size,  appears  in  beds  dipping  to  the  south,  rising  therefore 
to  the  argillaceous  slates  on  the  north.  The  pebbles  chiefly 
consist  of  rounded  pieces  of  slates  and  sandstones,  portions  of 
older  grauwacke  rocks.  Schistose  rocks  rest  on  this  conglo- 
merate, and  are  again  covered  by  another  conglomerate  well 
exposed  between  Gillin  and  the  Nare  Point.  The  rounded 
portions  of  rock  included  in  this  last  are  occasionally  of  large 
size,  some  even  weighing  nearly  a  quarter  of  a  ton.  They  con- 
sist of  sandstones  and  slates,  quartz,  and  of  portions  of  a  rock 
which  bears,  though  generally  decomposed,  a  strong  resemblance 
to  some  varieties  of  the  hornblende  rock  and  slate  previously  no- 
ticed on  the  south.     The  cementing  matter  is  chiefly  arenaceous. 

Continuing  our  course  to  the  south,  grey  argillaceous  slates, 
with  a  few  seams  of  conglomerate  cemented  by  the  matter  of  the 
rock,  are  seen  to  cover  the  last-mentioned  beds,  and  to  contain 
some  calcareous  matter.  This  is  again  succeeded,  in  the  ascend- 
ing order,  by  another  mass  of  conglomerate,  in  which,  though  the 
included  and  rounded  fragments  of  pre-existing  rocks  are  occasion- 
ally large,  they  do  not  often  exceed  the  size  of  the  fist.  This 
mass  can  be  well  studied  at  Carnmere,  on  the  south  of  Nare 
Point.     Argillaceous    slates    cover   this  conglomerate,   and    we 
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have  thus  three  principal  masses  of  coarse  conglomerate  in- 
cluded in  the  general  series.  They  can  easily  be  traced  inland 
by  Manaccan  to  Trelowarren,  where  they  are  brought  nearly  into 
contact  with  the  serpentine,  becoming,  however,  much  less  coarse 
in  their  range  westward,  and  partaking  more  of  the  characters  of 
a  trappean  conglomerate,  similar  to  that  of  the  Nare  Head 
on  the  south  of  Veryan.  In  the  vicinity  of  Carne  and  Tregea, 
near  Manaccan,  sandstones  and  dark  shales  are  associated  with 
the  conglomerate  series  in  a  manner  strongly  reminding  us  of  the 
mixture  of  such  rocks  in  carbonaceous  deposits,  such  as  the  coal 
measures.  Sections  of  these  rocks  are  found  on  the  road  from 
Came  to  GOlinwartha,  and  on  the  opposite  side  of  the  estuary 
near  the  former  place.  Professor  Sedgwick,  in  1820,  noticed  the 
clear  connection  of  the  conglomerate  near  the  Nare  Point  with 
the  slate  system  of  the  country.* 

That  the  conglomerates  of  Trelowarren,  Menaccan,  and  the 
Nare  Point,  near  St.  Anthony,  form  the  geological  continuation  of 
the  conglomerates  of  the  Nare  Head,  near  Veryan,  and  Carhayes 
Cove,  in  Veryan  Bay,  is  very  probable;  not  that  we  are  to 
suppose  the  conglomerate  always  continuous  between  these 
places,  but  as  occurring  more  probably  in  patches  on  the  line, 
fining  off  somewhat  suddenly,  as  we  see  towards  Gorran,  and  on 
the  west  of  Trelowarren,  the  causes  which  produced  them  having 
acted  at  the  same  time.  Trappean  rocks  of  a  vesicular  and  con- 
temporaneous character  are  found  near  the  conglomerate  at 
Trek>warren,  reminding  us  of  the  association  of  trappean  rocks 
with  conglomerate  at  the  Nare  Head,  near  Veryan,  and  at  Car« 
hayes  Cove. 

On  the  south  of  the  Nare  Point,  proceeding  towards  Porthalla, 
quartz  rock  is  observed,  similar  to  the  quartz  rocks  which  succeed 
the  conglomerate  in  the  ascending  order  between  Carhayes  Cove 
and  the  Dodman  Point.  It  can  be  traced  inland,  with  a  south- 
ern dip,  by  Trewothack,  Trezebal,  and  Trevaddra,  towards  St. 
Martin.  To  it  succeed  slates,  in  which  there  is  calcareous  matter, 
and  even  grey  limestone  in  Betsey's  Cove,  north  of  Porthalla, 
beds  corresponding  with  the  calciferous  slates  of  Hemmick  Cove, 
in  Veryan  Bay,  and  the  limestones  of  Gorran  Haven.f     Con- 

*  TVast.  of  the  Cambridge  Philosophical  Society,  vol.  i.  p.  295. 
t  The  limestone  on  the  north  of  Porthalhi  was  noticed  by  the  Kev.  Canon 
Bogcn  in  1 822.    Trans.  Geol.  Sue.  of  Cornwall,  vol.  ii.  p.  4 17. 
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sequently,  if  the  views  we  have  previously  taken  be  correct,  they 
form  a  continuation  of  the  calcareous  rocks  of  Looe.  Coarse  beds 
of  slate  and  arenaceous  rocks  succeed  these  limestones^  and  the 
whole  series^  dipping  south,  comes  into  contact  with  hornblende 
slates  and  serpentine  near  Porthalla  in  an  obscure  manner.  In 
their  western  continuation  inland,  greenstone  and  vesicular  trap 
are  mingled  with  the  slates  in  a  way  so  often  noticed  as  showing 
a  contemporaneous  origin  with  regard  to  geological  date. 

The  conglomerates  fine  off  on  the  west  of  Trelowarren,  and 
arenaceous  rocks  are  continued  in  their  line  of  direction  to  the 
western  coast,  mixed  with  argillaceous  slates,  and  dipping  as  a  mass 
to  the  south-south-east,  though  bent  round  so  as  to  take  an  eastern 
dip  near  Trenoweth  and  Pengwinion  Head.  A  mixture  of  arena- 
ceous beds  and  argillaceous  slate  continues  to  Bellurian  Cove 
before  mentioned,  with  a  general  dip,  allowance  being  made 
for  minor  undulations  and  deviations,  to  the  southward  and  south- 
east, the  dip  on  the  coast  being  more  easterly  than  in  the  interior. 

At  dicker  Tor,  on  the  south  of  Liskeard,  we  find  serpentine 
among  slates  somewhat  older  than  the  calcareous  rocks  of  Looe, 
and  near  Veryan  we  discover  it  associated  with  diallage  rock  in 
nearly  the  same  geological  position,  the  physical  structure  of  the 
locality  rather  pointing  to  an  ejection  of  these  rocks  during  the 
time  that  the  trappean  conglomerate  and  accompanying  green- 
stones were  formed,  than  to  an  eruption  of  igneous  matter  long 
subsequent  to  the  common  conglomerate,  sandstones,  and  argilla- 
ceous slates  with  which  they  are  associated.  Among  the  detrital 
rocks  on  the  north  of  the  run  of  the  Looe  beds  between  the  Lizard 
serpentine  and  the  granite  of  the  Cam  Menelez  district,  serpen- 
tine is  not  detected,  and  no  immediate  connexion  of  the  diallage 
rock  and  the  serpentine  of  the  Lizard  with  these  sedimentary 
deposits  has  yet  been  foimd.  In  noticing  the  serpentine  and  the 
diallage  rock  of  the  Lizard  in  this  place,  therefore,  under  the 
supposition  that  they  were  vomited  forth  at  a  period  not  very  dis- 
tant from,  though  somewhat  later  than,  geologically  speaking,  the 
same  rocks  near  Veryan,  we  do  so  for  convenience,  being  unable 
to  produce  direct  proof  of  that  which  we  are  inclined  to  believe 
probable.  In  examining  the  contents  of  the  conglomerate  of  the 
Nare  Point  and  Menaccan,  we  did  not  detect  either  diallage  rock  or 
serpentine ;  and  hence,  though  it  may  be  hazardous  to  assert  that 
this  is  proof  that  the  serpentine  and  diallage  rock  did  not  exist,  as 
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the  drift  of  pebbles  may  not  have  been  from  that  direction^  we 
may  take  (his  negative  evidence  as  useful  in  showing  an  absence 
of  proof  that  the  serpentine  and  diallage  rock  are  more  ancient 
than  the  sedimentary  deposits  between  them  and  the  granite  on 
the  north. 

The  areas  respectively  occupied  by  the  diallage  rock  and  ser- 
pentine will  be  best  seen  by  reference  to  the  maps^  and  it  only 
remains  for  us  to  point  out  the  circumstances  connected  with  their 
rdative  geological  positions.  In  treating  of  the  hornblende  rock 
and  slate  we  have  endeavoured  to  show  (p.  30)  their  mode  of 
occurrence  relatively  to  the  serpentine,  and  the  general  fact  that 
the  latter  rests  upon  them.  The  serpentine  varies  as  usual  in  tints, 
but  the  predominant  colour  is  a  dark  green,  with  a  very  frequent 
mixture  of  diallage.  Dr.  Boase  considers  this  serpentine  to  be  a 
compound  of  diallage  and  felspar,'^  and  enumerates  many  varieties 
and  the  localities  where  they  are  found,  f 

A  rock  so  variable  as  the  serpentine  of  the  Lizard  can  scarcely 
be  expected  to  retain  any  given  chemical  composition  for  long 
distances,  but  careful  analyses  of  the  more  important  varieties 
would  be  useful  in  showing  the  substances  that  enter  generally 
into  its  composition.  Part  of  it,  like  the  dark  green  rock,  com- 
monly termed  serpentine,  of  Harzburg,  in  the  Harz,  may  be 
nearly  of  the  same  chemical  composition  as  the  diallage  con- 
tained in  it.^ 

Steatite  veins  are  found  traversing  the  serpentine  in  several 
places,  as  near  Coverack  Cove  and  between  the  Black  Head  and 
Pedn  Boar,  but  the  largest  are  those  near  Mullion  and  Gue 
Grease,  near  Kinance,  which  have  been  worked  for  profitable 
purposes,  particularly  the  latter.  How  far  some  of  these  veins 
may  have  been  contemporaneously  produced  with  the  serpentine 

*  Treatise  od  IVimaiy  Geology,  p.  46. 

t  Coatiilmtiona  towards  a  Knowledge  of  the  Geology  of  Cornwall;  Trans.  Geol. 
Society  of  Cornwall,  toI.  W.  p.  329— 331,  and  334—344. 

I  Dr.  Kohler  gives  the  followiDg  analyses  of  the  diallage  or  schiller  spar  of  Haxtr 
bur^  and  of  the  lock  containing  it : — 


SOicm            .... 

DildlflM. 

.  43-95b  .     . 

Rock. 
.     .  42-364 

Magnesia     .... 

.  25-856  .     . 

.     .  28-903 

Protoxide  of  iron  and  chromium 

.  13-021  .     . 

•     .   13-268 

Plrotcndde  of  manganese 

.     0-535   .     . 

.     .     0-853 

Ume  .          .... 

.     2-642  •     . 

.     .     0-627 

Alumina      .... 

.     1-280  •.     . 

.     .     2-176 

Water          .... 

.   12-426  .     . 

.      .   12071* 

*  Thomson's  Mineralogy,  Ac,  vol.  i.  p.  174,  175. 

U 
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itself,  it  is  difficult  to  say ;  others,  however,  cementing  fri^aieAts  of 
serpentine  in  lines  of  fracture  have  been  clearly  formed  subse- 
quently to  the  consolidation  of  that  rock,  and  sometimes  contain 
native  copper,  as  at  the  mines  between  Pradanack  and  Mullion, 
and  at  that  of  Dowgas,  between  Pedn  Boar  and  Careglooz.  Such 
veins  not  unfrequently  also  contain  carbonate  of  lime  mingled 
with  the  serpentine  fragments,  the  copper,  and  steatite. 

At  the  junction  of  the  diallage  rock  of  Crousa  Downs  and  St 
Keveme  with  the  serpentine  at  Coverack  Cove,  veins  of  the  former 
are  seen  to  cut  through  the  latter,  so  as  to  impress  us  with  a  belief 
that  the  diallage  rock  has  been  last  formed,  a  view  strengthened 
by  observing  the  connexion  of  the  serpentine  and  diallage  rock 
extending  from  Careglooz  through  Gwinter  towards  Goonhilly 
Downs,  the  latter  rock  seeming  to  have  cut  through  and  disturbed 
the  former.  Near  Landewednack  also  diallage  rock  appears  to 
cut  through  the  serpentine,  rising  from  beneath  hornblende 
slate. 

The  veins  of  diallage  rock  in  the  serpentine  between  the  rivulet 
in  Coverack  Cove  and  the  Pier  at  the  village  are  highly  interest- 
ing. Some  of  them  are  formed  of  large  crystals  of  diallage, 
mingled  with  a  variety,  apparently,  of  saussiuite.  Dr.  Boase  has 
remarked  upon  the  changeable  character  of  the  latter  mineral 
at  Coverack  Cove,*^  and  the  difficulty  of  assigning  it  a  name,  and 
this  observation  applies  to  other  localities,  as,  for  example,  Careg- 
looz.f  The  serpentine,  among  which  some  of  the  veins  of  the 
diallage  rock  run,  is  much  decomposed  in  some  places.  Veins 
of  trap  rock  also  traverse  the  serpentine  in  Coverack  Cove.  At 
CaCreglooz  Point  some  of  the  diallage  rock  is  schistose,  though 
clearly  connected  with  the  more  masmve  variety  which  seems  to 
have  broken  through  the  serpentine,  sending  veins  into  it  on  the 
east  side  of  the  point. 

Mr.  Majendie  considers  that  the  rock  extending  from  Coverack 
Cove  to  St.  Keveme  is  a  compound  of  felspar,  hornblende,  and 
diallage.^     Minerals  both  resembling  hornblende  and  diallage 

*  Trans.  Ghiol.  Society  of  Cornwall,  vol.  iv.  p.  330. 

t  Dr.  Thomson  gives  the  following  analysis  of  this  Lisard  saussuxxte,  (Outlines  of 
Mineralogy,  &c.,  toL  i.  p.  391) : — 

Silica 82*168 

Alumina  ••••«••     5'072 
Protozidtt'of iron  wiffi'some  man-)  o.oon 


Lime  .•••••.•     5*520 

Magnesia 4*520 

Potash— a  trace, 
ganese 

t  Sketch  of  the  Geology  of  the  Lisaid  District,  Trans.  GeoL  Society  of  Cora- 
wall,  vol.  i.  p.  36. 
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i»ceitf  With  the  felspar,  and  perhaps  pass  into  each  other;  so  that 
whHe  in  many  localities  it  appears  a  true  diallage  rock>  in  others 
it  more  resembles  a  coarse  mixture  of  hornblende  and  felspar, 
the  diallage  rock  however  predominating.  At  Porthoustock,  reins 
of  diallage  lOck  cut  through  greenstone,  and  further  south,  near 
Ruten  Point,  a  vein  of  a  large-grained  variety  of  the  same  rock 
traverses  a  porphyritic  greenstone.  A  trappean  porphyry  tra- 
verses the  country  between  Penhale  and  Bochin;  but  its  connec- 
tion with  the  serpentine  on  both  sides  of  it  is  not  well  exhibited : 
probably  it  cuts  through  the  latter.  Serpentine  appears  to  have 
risen  through  the  hornblende  slate  and  greenstone  rocks  near 
Porthalla,  as  previously  noticed ;  and  near  them  is  a  small  por- 
tion of  serpentine  rising  through  slate,  somewhat  talcose,  at  Pen- 
earrock,  the  serpentine  appearing  an  intruded  mass  with  a  north 
and  south  direction. 

Upon  the  whole,  it  seems  to  us  far  from  improbable  that  the 
serpentine  of  the  Lizard  was  ejected  at  an  epoch  corresponding 
with  the  deposit  of  some  of  the  sedimentary  rocks  of  South  Devon 
and  Cornwall— ^rhaps  at  one  not  far  different  from,  though 
somewhat  posterior  to,  that  when  the  diallage  rock  and  serpentine 
near  Yeiyan  became  associated  with  the  trappean  rocks  and  con- 
glomerate of  the  Nare  Head.  Whatever  objection  there  may  be 
to  this  view,  there  seems  fair  evidence  whence  to  infer  that  the 
serpentine  was  produced  before  the  diallage  rock,  and  anterior 
to  certain  granitic  veins,  to  be  hereafter  noticed,  which  not  only 
cut-tbrou^  it,  but  the  diallage  rock  also. 

Quitting  the  Lizard  district,  argillaceous  slates,  intermixed 
whh  trappean  rocks  in  their  general  line  of  strike,  rise  from 
beneath  the  red  and  variegated  beds  near  Gweek.  Arenaceous  . 
and  qnartzose  beds  are  found  on  Helston  Downs  and  in  the  line 
of  direction  to  the  north-east,  gradually  merging  into  more  argil- 
laceous rodLS  towards  the  south-west.  While  some  of  the  trap- 
pean rocks  are  hard  and  seem  contemporaneously  intrusive  (if  we 
may  employ  \he  term),  others  are  somewhat  schistose,  more  com- 
bining the  appearance  also  of  sedimentary  deposits  of  trappean 
matter,  the  latter  being  however  rare.  Good  sections  of  hard 
trappean  rocks  and  of  their  mode  of  occurrence  amid  the  slates 
will  be  obtained  on  the  coast  near  Porthleven,  where  some  are 
observed  to  be  concretionary. 

The  granite  extending  from  Godolphin  Hill  to  Trewarvas  Head 

h2 
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disturbs  the  schistose  rocks  in  their  course  to  the  westward,  pro^ 
truding  through  them;  and  little  satisfactory  can  be  observed 
among  the  lodes  and  cross  courses  between  Breage  and  Clowance. 
On  the  west  of  the  Trewarvas  granite,  we  find  argillaceous  slater 
intermixed  with  trap  rock,  some,  particularly  those  at  Cuddan. 
Point,  possessing  the  contemporaneous  character  so  often  noticed, 
while  others  are  beautiful  greenstones  less  clearly  ejected  at  the. 
same  period  with  the  formation  of  the  sedimentary  rocks  with, 
which  they  are  associated.  These  and  the  slates  have  a  strike  to 
the  north-east  and  north-north-east.  The  country  is  however  so 
cut  to  pieces  by  lodes,  cross  courses,  and  elvan  dykes,  that  little 
is  accomplished  in  tracing  them  in  the  direction  to  which  they 
point,  though  probably  they  are  connected  with  the  line  of  slates 
and  trappean  rocks  which  range  from  Camborne  to  St.  Erth. 

The  arenaceous  rocks  and  argillaceous  slates,  noticed  above, 
near  Pcrrtreath,  as  an  apparent  prolongation  of  the  beds  of  Priaces 
Common  and  Penhallow  Downs,  are  continued  with  a  south-west 
strike  by  Tehidy,  Trewithan  Down,  Gwythian,  and  Connor  Down, 
to  Hayle,  extending  to  the  coast  on  the  north,  and  apparently 
supporting  a  line  of  slates,  intermingled  with  trappean  rocks,  for 
the  most  part  hard  greenstones,  which  runs  from  Redruth  by 
Camborne  and  Gwinear  to  St.  Erth.  Continuing  the  line  of 
strike,  there  is  an  absence  of  trappean  rocks  in  the  slates  betweea 
St  Erth  and  Ludgvan,  but  they  reappear  thence  round  by  Pen- 
zance and  Newlyn  to  the  sea  near  Mousehole.  The  trappean 
rocks  near  Penzance  are  extremely  interesting  from  the  contem- 
poraneous manner  in  which  they  are  associated  with  the  accom- 
panying aigillaceous  slates.  Dr.  Forbes  has  given  a  detailed 
minera  logical  account  of  these  rocks,  and  notices  the  intimate 
mixture  of  the  slates  with  them.*  The  relative  proportion  of 
felspar  and  hornblende  frequently  varies  in  the  trappean  rocks  ^ 
so  that  sometimes  they  become  nearly  felspar  rock,  while  at 
others  they  are  loaded  with  hornblende.  The  rocks  which  skirt 
the  Land's  End  on  the  north  may  be  a  portion  of  this  series 
turned  up  by  the  protrusion  of  the  granite.  As  mineral  com- 
pounds and  in  the  relative  occurrence  of  their  constituent  parts 
they  closely  agree  with  the  rocks  near  Penzance. 

^  On  the  Geology  of  the  Land's  End  District,  Tran».  Geol.  Society  of  Cornwall, 
woL  ii.  p.  265,  ftc.  > 
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CHAPTER  IV. 

CARBONACBOUS  DJBPOSITS. 

Under  this  head  we  have  provisionaUy  classed,  for  convenience, 
certain  carbonaceous  rocks,  chiefly  consisting  of  sandstones  and 
shales,  respecting  the  geological  age  of  which  a  difference  of  opi-^ 
nion  at  present  exists.  It  appeared  more  desirable  thus  sepa- 
rately to  treat  of  facts  which  may  bear  upon  the  age  of  the  whole 
or  any  part  of  these  beds  than,  by  prematurely  assigning  them 
names  supposed  to  mark  given  geological  epochs,  assist  in  pre* 
judging,  or  retard  a  correct  view  of,  the  place  they  may  be  event- 
ually found  to  occupy  in  the  great  series  of  European  sediment- 
ary deposits.  This  plan  moreover  enables  us  to  include  thesQ 
carbonaceous  rocks  in  a  general  view  of  the  sedimentary  deposits 
of  the  district,  anterior  to  the  red  sandstone  series,  without  un- 
fairiy  mixing  up  a  descripticm  of  amy  portion  of  them  with  other 
detrital  beds,  with  which  it  may  not  be  generally  admitted  that 
they  are  intimately  connected:  thus  leaving  the  subject  un- 
clogged  by  this  kind  of  entanglement,  and  open  to  fair  and 
unprejudiced  discussion. 

The  various  slates,  sandstones,  and  calcareous  beds  noticed  in 
the  preceding  chapter  as  occurring  in  North  Devon  are  suc^ 
Deeded,  in  the  ascending  order,  by  a  series  of  shales,  slates,  and 
sandstones,  which  have  been  deposited  under  general  conditions 
different  from  those  under  which  the  former  have  been  produced, 
inasmuch  as  the  higher  sedimentary  mass  differs  as  a  whole  from 
that  on  which  it  rests. 

Though  there  are  many  slates,  sandstones,  and  other  rocks, 
the  mineralogical  character  of  which  may  be  common  to  the  two 
accumulations  of  sedimentary  matter,  there  is  a  marked  distinc- 
tion in  this  character  between  them,  which  the  eye  of  an  observer 
will  not  £aul  to  detect.  One  of  the  chief  differences  in  the  two 
inasses,  mineralogically  speaking,  is  the  far  more  frequent  occur- 
rence of  carbon  in  the  one  than  in  the  other.  Although  carbo- 
naceous matter  is  not  absent  from  the  lower  series,  it  is  far  less 
abundant  in  it  than  in  the  rocks  under  consideration.     It  must 

Digitized  by  VjOOQIC 


102  CARBONACEOUS  D&FOSITS^ 

not  however  be  hence  inferred  that  carbonaceous  matter  can  he 
detected  in  all  parts  of  the  upper  series.  So  far  from  this  being 
the  fact^  considerable  areas  are  occupied  by  light-coloured  sand- 
stones and  slates  or  shales,  with  no  appearance  of  carbon  in  them. 
It  is  merely  intended  to  state  that  carbon  not  unirequently  occurs 
in  parts  of  the  general  series,  and  that  in  several  localities  the 
carbonaceous  character  of  the  deposits  b  very  marked. 

In  the  first  place,  it  is  desirable  to  ascertain  if,  at  the  lines 
of  junction  of  these  lower  and  higher  systems  of  rocks.,  any 
fttcts  can  be  brought  to  light  by  which  we  can  detect  a  surface 
that  has  been  exposed  to  the  destructive  action  of  meteoric  influ- 
ences^ or  to  that  of  moving  water,  prior  to  the  deposit  of  the  first 
or  lower  beds  of  the  higher  system,  as  this  would  mark  the  lapse 
of  some  interval  of  time  between  the  two  deposits  which  might 
be  considerable.  We  should  also  search  for  unconformable 
superposition  in  the  lower  part  of  the  superincumbent  system, 
by  which  we  might  learn  that  the  inferior  rocks  had  been  sub- 
jected to  disturbance  before  the  higher  beds  were  formed. 

If  with  these  objects  in  view  we  examine  the  northern  boundary 
of  the  upper  system  of  rocks>  extendiug  from  the  coast  near  Fre- 
mington  (between  Barnstaple  and  Bideford)  eastward  by  Swim- 
bridge,  Castle  Hill,  the  north  of  South  Moulton,  Brushford  (near 
IXilverton),  Hockley  Bridge  (near  Bampton),  Clayhanger,  and 
Kittisford,  to  the  red  sandstone  rocks  which  there  conceal  its 
continuation  eastward,  we  neither  find  an  upper  surface  of  the 
lower  rocks  bearing  marks  of  having  been  eroded  by  water  or 
decomposed  by  meteoric  influences,  nor  the  unconformable  de- 
posit of  the  higher  system  upon  the  lower<  On  the  contrary,  we 
constantly  find  a  passage  of  the  one  system  into  the  other ;  so 
that,  in  order  to  define  the  limits  of  the  systems  upon  the  accom- 
panying Ordnance  Maps,  it  has  been  necessary  to  take  a  mean 
distance  between  the  marked  portions  of  the  two  where  they 
adjoin  each  other,  and  there  trace  an  imaginary  line  for  the  sake 
of  convenience-«*one  nevertheless  which  nature  has  not  traced. 

The  mode  in  which  the  two  systems  pass  into  each  other  is 
much  the  same  throughout  the  whole  length  of  the  line  above 
noticed,  the  variations  in  this  respect  being  merely  minor  modi- 
fications of  a  general  fact.  At  Fremington  the  cliffs,  though  low, 
afford  an  excellent  section  of  the  junction  of  the  two  systems ; 
but  to  study  it  properly  it  is  essential  that  the  tide  be  out^  and 
that  both  sides  of  Fremington  Pill  be  visited,  as  the  one  side 
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exhibits  some  points  which  are  not  so  clearly  seen  on  the  other.* 
This  section  will  be  best  understood  by  reference  to  plate  3,  fig. 
1,  where  it  forms  part  of  a  more  general  section  of  a  portion  of 
North  Devon.  At  the  point  of  land  opposite  Heanton  Court, 
and  beneath  the  raised  beach  of  the  ancient  estuary  which  there 
oocursy  calcareo-argillaceous  slates^  among  which 'are  seams> 
generally  in  a  decomposed  state,  containing  encrinites^  corals, 
productsD,  spirifers^  &c.,  the  whole  constituting  the  upper  part 
of  the  grauwacke  beneath,  is  well  exposed.  Proceeding  south-- 
wards  by  the  side  of  the  cliff>  these  argillaceous  slates,  which 
dip  southward^  are  here  and  there  seen  to  contain  nodules  of 
grey  limestone,  and  still  further  southward  small  seams  and  flat- 
tened nodules  of  grits  are  observable ;  seams,  in  a  decomposing 
state,  containing  similar  fossils  with  those  above  mentioned,  being 
stiU  intermingled  with  the  whole.  Further  southward^  the  argil- 
laceous slates  become  gradually  more  and  more  intermingled 
with  sandstone,  and  finally  the  latter  forms  thick  beds,  and  the 
argillaceous  slates  themselves  acquire  a  different  character  from 
that  which  they  previously  possessed,  here  and  there  becoming 
carbonaceous.  Ascending  the  Pill  to  Muddlebridge,  black  car« 
bonaceous  slates  (containing  a  great  abundance  of  posidonise) 
and  carbonaceous  limestones  are  found,  and  are  succeeded  by 
shales  and  slates,  occasionally  carbonaceous,  mingled  with  some 
grits. 

The  passage  of  the  one  system  into  the  other  is  here  as  com- 
plete as  we  have  ever  had  occasion  to  observe.  Indeed,  several 
of  the  changes  of  the  minor  systems  of  arenaceous  rocks  into 
argillaceous  slates,  such  as  have  been  noticed  under  the  head 
of  the  grauwacke  of  North  Devon,  are  often  far  more  abrupt. 

At  Hockley  Bridge,  near  Bampton,  another  good  section  is 
aflforded  of  the  passage  of  the  two  systems  into  each  other,  the 
new  line  of  road  between  Wiveliscombe  and  Bampton,  and  the 
croBS-lanes  which  cut  deep  into  the  rock,  affording  evidence  as 
ekar  as  could  be  afforded  by  sea-cliffs  (plate  3,  fig.  3).  This 
passage  is  effected  without  intervening  arenaceous  beds.  Ar- 
gillaceous slates,  with  a  mere  trace  of  calcareous  matter  in  some 
localities,  containing  decomposed  seams,  in  which  the  same  kinds 

*  TioM  is  the  more  necewwy,  ai  the  back  of  a  contortion  cat  by  the  nearly  hori- 
Msftal  pbns  of  the  eastern  ahore  might  othenrite  mislead  the  obsenrer  respecting 
tiw  true  Erection  of  the  eompoBent  beds  of  part  of  the  section. 
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of  encrinites,  corals^  and  shells  are  found  as  previonsly  noticed 
near.Fremington  and  Barnstaple,  occupy  a  band  of  country  for 
about  a  mile  to  the  north  of  Hockley^  which  can  be  readily 
traced  continuously  to  Barnstaple  and  Fremington.  .Approaching 
Hockley  Bridge^  the  slates  gradually  acquire  a  tint  of  black,  and 
finally,  at  a  quarry  near  the  bridge,  pass  into  a  hard  and  some- 
what arenaceous  rock,  extensively  worked  for  roads  and  other 
purposes.  This  passage  can  also  be  very  satisfactorily  traced 
en  the  side  of  the  high  road  on  the  east  of  the  bridge,  and  the 
same  section  can  be  verified  in  the  lane  between  Shillingford  and 
Dadyscombe. 

Continuing  the  section  from  Hockley  Bridge  to  the  southward^ 
sandstones  and  shales^  containing  much  carbonaceous  matter, 
succeed  to  the  beds  seen  in  the  immediate  vicinity  of  the  bridge, 
and  on  the  east  side  of  Bampton,  limestones,  there  extensivBly 
quarried,  are  found  included  among  the  sandstones  and  shales. 
These  Umestones,  which  frequently  contain  much  siliceous  matter, 
intermingled  with  the  more  pure  carbonate  of  lime,  are,  for  the 
most  part,  black  and  carbonaceous,  the  shales  intermingled  with 
them  presenting  the  same  characters,  and  containing  in  some 
places  an  abundance  of  posidoniaa,  of  the  same  species  as  those 
previously  noticed  as  having  been  obtained  near  Fremington.  Id 
one  of  the  quarries  a  part  of  the  limestone  series  is  not  car- 
bonaceous, but  presents  the  ordinary  grey  appearance  of  grau- 
wacke  limestones,  and  is,  moreover,  acconipanied  by  reddish 
shales.  This  fact  is  deserving  of  attention,  inasmuch  as  it  is  the 
first  instance,  proceeding  eastward  along  the  northern  frontier  of 
the  upper  system  of  rocks  under  consideration,  in  which  we  find 
a  marked  carbonaceous  character  absent,  thus  preparing  us  for  a 
still  greater  absence  of  this  character  more  eastward. 

Taking  another  section,  still  further  east,  of  the  junction  of  the 
two  systems,  near  the  line  where  this  junction  becomes  marked 
by  the  red  sandstone  rocks,  from  Wiveliscom be  to  Holcombe 
Rogus,  .the  difficulty  of  drawing  an  imaginary  line  between  them 
becomes  still  more  increased.  It  will  be  seen  by  fig.  2,  plate  3, 
that  to  the  mass  of  red  grits  and  slates  above  Stawley*  succeeds 
the  very  constant  system  of  argillaceous  slates  with  decomposed 
seams,  containing  the  same  fossik  as  those  found  at  Fremington 

*  This  red  series  constitutes  a  marked  feature  in  the  grauwacke.  from  thenco 
westward  aaoss  the  new  road  from  Bampton  to  Wiveliscombe  above  Shillingford. 
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and  Barnstaple.  This  system  can  be  better  seen  on  the  north  of 
Clayhanger,  where  there  are  quarries  in  the  continuation  of  the 
beds  at  Stawley.  Above  it  we  find  grey  clay-slates  intermingled 
with  blackish  slates  and  some  grits,  after  which  dark-coloured 
roofing  slates  and  shales  appear ;  then  reddish  shales  supporting 
grey  limestones^  which,  though  evidently  occupying  the  same 
geological  horizon  as  the  black  carbonaceous  limestones  to  the 
westward,  are  neither  black  nor  carbonaceous,  but  present  tlie 
usual  characters  of  grey  grauwacke  limestone,  such  as  occurs  at 
Plymouth  and  other  places  in  Devon. 

This  limestone,  with  its  associated  reddish  shale  and  slate  beds, 
is  made  to  appear  and  disappear  by  the  contortions  which  the 
beds  in  general  have  suffered ;  but  a  very  satisfactory  section  of 
them  may  be  obtained  near  Westleigh,  and  in  the  cutting  for  the 
canal  near  the  tunnel  at  White  Town,  where  the  absence  of  all 
carbonaceous  matter  is  particularly  remarkable  when  these  lime- 
stones are  contrasted  with  the  equivalent  calcareous  beds  to  the 
westward.  It  would  appear  that  the  distribution  of  carbonaceous 
matter,  probably  derived  from  plants,  was  not  so  extensive  it) 
this  part  of  the  area  occupied  by  the  upper  system  of  rocks, 
and  that  the  general  conditions  accompanying  the  production  of 
calcareous  deposits  and  slates  was  more  like  those  under  which  the 
lower  system  was  formed.  The  absence  of  carbonaceous  matter 
would  seem  also  to  have  been  favourable  to  the  reappearance  of 
animals  of  the  kinds  which  were  entombed  in  the  lower  series,  for 
we  find  an  abundance  of  encrinites  in  the  limestones  of  Holcombe 
Rogus  and  Westleigh,  constituting  the  greater  part  of  some  beds. 
The  posidonise,  which  seem  to  have  thriven  amid  the  car- 
booaceous  waters  to  the  westward,  have  not  been  detected  in  these 
limestones^  but  a  goniatite  found  associated  in  the  carbonaceous 
limestone  of  Swimbridge  (near  Barnstaple)  with  posidonise  is 
found  at  Westleigh. 

Unfortunately  the  red  sandstone  series  conceak  any  increase  of 
change  which  we  might  infer  would  continue  to  take  place  east- 
ward from  that  which  has  been  noticed  as  having  been  effected 
between  Bampton  and  Holcombe  Rogus.  It  may  be  here  re- 
marked that  this  apparent  decrease  of  carbonaceous  matter,  as 
we  proceed  eastward  in  the  area  occupied  by  this  upper  system  of 
North  Devon,  is  also  borne  out  by  the  fact,  to  which  we  shall 
again  allude,  that  the  highly  carbonaceous  beds  to  the  westward. 
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those  which  produce  anthracite  near  Bideford,  Alverdiscot,  and 
Chittlehampton^  disappear  in  proceeding  eastward.  It  would 
therefore  appear  that,  throughout  the  northern  boundary  of  the 
great  system  of  detrital  rocks  to  which  we  have  assigned  the 
provisional  name  of  carbonaceous  deposits,  there  is  no  marked 
natural  line  of  separation  between  it  and  the  grauwacke  beneath. 
Neither  does  there  seem  to  be  any  evidence  which  might  lead  us 
to  consider  that  the  one  succeeded  the  other  after  the  lapse  of  any 
great  interval  of  time  during  which  extensive  arenaceous  and 
calcareous  deposits  were  effected,  such  as  we  now  see  at  only  the 
distance  of  thirty-five  miles  in  the  Mendip  Hills,  where  the  old 
red  sandstone,  as  it  is  termed,  and  the  carboniferous  limestone,  are 
so  extensively  developed. 

Proceeding  now  to  the  southern  boundary-line  of  this  system, 
for  the  same  purposes  as  those  with  which  the  northern  boundary 
was  examined,  we  find  that  the  upper  series  rests  upon  the  lower 
near  Boscastle,  Cornwall,  in  a  bay  between  the  Meachard  Rock 
and  Short  Island.*  Here,  though  the  one  rests  conformably 
upon  the  other,  as  represented^  plate  4,  fig.  1,  there  is  no  pass- 
age of  the  one  system  into  the  other.  On  the  contrary,  there  is 
a  marked  line  between  the  carbonaceous  slates  and  arenaceous 
rocks  above  and  the  clay«slates  passing  into  roofing-slate  beneath, 
the  latter  forming  a  portion  of  the  Tintagel  roofing-slate  series 
(among  which  the  remains  of  shells  have  long  been  known), 
which  constitutes  part  of  the  grauwacke  of  Cornwall. 

Quitting  Boscastle,  a  boundary-line,  for  the  most  part  some- 
what marked,  may  be  traced  between  the  upper  and  lower  rocks 
by  Lesnewth,  Wilsey  Down,  Coose  Moor,  and  Laneast  Down, 
towards  South  Petherwin.  Near  the  latter  place,  however,  it  be- 
comes difficult  to  fix  upon  an  exact  boundary  for  the  two  systems, 
reminding  us  in  this  particular  of  the  northern  line  in  the  vicinity 
of  Barnstaple.  To  the  clay  slates  and  the  associated  limestones 
of  this  place,  which  contain  an  abundance  of  organic  remains  pre- 
viously enumerated  (p.  59),  and  among  which  fossil  plants  are 

*  Dr.Boase  notices  the  occurrence  of  a  carbonaceous  mineral,  apparently  a  variety 
of  anthracite,  at  Wallapark  Cliff,  a  little  to  the  westward  of  Forrabury  church  (Bos- 
castle), and  states  that  Mr.  William  Petherick  sought  for  it  here  in  consequence 
of  the  resemblance  the  accom|Minying  rocks  bore  to  those  which  contained  the  Devon 
anthracite,  probably  alluding  to  that  discovered  near  Bideford. — ^IVans.  Geol.  Soc. 
of  Cornwall,  vol.  iv.  p.  189. 
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detected  at  the  quarry  at  the  bottom  of  the  hill,  succeed  slates 
that  are  at  first  grey  and  argillaceous^  but  which  finally  appear 
to  graduate  into  more  carbonaceous  beds,  with  some  grits^  sur- 
mounted by  dark  slates  that  have  been  extensively  worked  as 
roofing-slates,  and  which  contain  posidoniae  and  fossil  plants. 
There  is  at  this  point  an  extreme  difficulty  in  deciding  where  to 
draw  a  line  of  separation. 

The  same  uncertainty  continues  in  the  curve  taken  by  the  beds 
fit>m  South  Petherwin  round  to  Trewarlet,  where  it  is  clear  that 
the  sandstones  and  slates  of  the  upper  rest  on  the  argillaceous 
slates  of  the  lower  system ;  but,  whereas  at  South  Petherwin  the 
beds  dip  northward,  at  Trewarlet  they  dip  southward,  and  the 
limestone  band  worked  at  the  latter  place  may  be  a  curved  con- 
tiauation  of  the  Petherwin  limestones.  Be  this  as  it  may,  upon 
the  descent  of  the  hill  from  Trewarlet  towards  Lezant,  a  good 
section  is  presented,  and  in  it  the  lower  argillaceous  slates  have 
much  the  appearance  of  passing  into  the  upper  slates  in  a  gradual 
manner. 

Near  Landue  Mill,  and  on  the  old  road  irom  Launceston  to 
Callington,  the  section  is  not  clear ;  but  on  ascending  the  new 
road  to  Callington  from  the  same  place  we  obtain  a  section 
where  the  upper  rocks  are  seen  clearly  above  the  lower  in  an  un- 
conformable position,  shown  in  the  annexed  sketch,  fig.  12,  as  the 
cutting  for  the  road  appeared  in  September,  1837.* 

Fig.  12. 


•  Tbis  sketch  was  iskan  in  company  with  Mr.  Pattison  of  Laoncetton,  and  Mr. 
HoU,  at  the  time  mentioned  in  the  text.  Upon  a  visit  to  the  same  place  about  two 
moths  sobseqaently,  we  found  that  the  quarry-men,  who  work  the  upper  rocks  for 
the  roads,  had  much  altered  the  appearance  of  the  section,  though  similar  contoi- 
I  to  those  represented  in  the  figure  were  still  discernible. 
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From  the  contorted  manner  in  which  the  upper  rocks  a  a  rest 
upon  the  lower  beds  b,  it  would  appear  as  if  the  former  were  to  a 
certain  extent  forced  over  the  latter,  and  contorted  at  the  same 
time.  The  lower  rocks  6,  as  has  been  previously  noticed  (p.  61), 
contain  seams  of  calcareous  matter  with  abundant  organic  re- 
mains. 

Continuing  to  trace  the  boundary-line  eastward,  we  obtain  a 
fair  section  in  the  lane  leading  from  Rescdr  to  Howley  Bridge, 
and  near  the  latter  place.  At  the  junction  both  systems  dip 
southward,  so  that  if  the  rocks  on  the  south  be  really  older  than 
the  carbonaceous  series  on  the  north,  we  must  suppose  a  faiilt, 
giving  the  false  appearance  of  the  latter  dipping  beneath  the 
former.  There  are,  however,  some  equivocal  beds  at  Innys  Foot, 
near  Endsleigh,  continued  across  the  Tamar  to  the  westward, 
which  would  appear  to  give  a  dip  for  the  carbonaceous  system 
beneath  the  clay  slates  on  the  south,  if  the  lamination  of  the  latter 
can  be  trusted  as  affording  a  true  view  of  the  bedding. 

From  the  Tamar  to  the  granite  of  Dartmoor,  near  Tavistock, 
the  difficulty  of  obtaining  a  boundary-line  between  the  two 
systems  is  extreme;  if  carbonaceous  beds  be  taken  for  guides, 
they  will  be  found  far  to  the  southward  of  where  it  would  seem 
right  to  trace  the  line;  if  grey  argillaceous  slates  be  selected, 
such  as  are  so  common  in  the  lower  series,  these  also  fail  us,  as 
they  are  found  amid  beds  which  there  can  be  little  hesitation  in 
referring  to  the  upper  carbonaceous  system. 

Again>  if  we  have  recourse  to  the  schistose  trappean  ash  so 
common  in  the  lower  system  of  Davidstow,  St.  Clither,  Trewen, 
and  Lawannick,  this  very  marked  rock  also  fails  us,  as  we  find 
it  in  equal  abundance  among  the  sandstones,  shales,  and  slates  of 
rocks»  which  may  with  confidence  be  referred  to  the  carbonaceous 
system  of  Dunterton^  Milton  Abbot,  Lamerton,  and  Brent  Tor. 
In  fact,  the  intermixture  of  equivocal  rocks  is  so  considerable, 
that  in  several  places  a  boundary  between  the  carbonaceous 
system  on  the  north  and  argillaceous  slates  on  the  south  can 
scarcely  be  obtained  within  the  distance  of  a  mile.  No  distinct- 
ive organic  remains  have  hitherto  been  obtained  in  the  neigh- 
bourhood of  Tavistock  to  assist  the  inquiry;  the  only  fossil  known 
by  the  Survey  to  have  been  found  there  being  the  fragment  of  a 
plant,  apparently  a  calamite,  discovered  near  Wringworthy,  in 
rocks  which  seem  referrible  to  the   carbonaceous  system.      At 
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first  sight,  the  bunches  of  manganese,  so  common  in  the  carbon^ 
aeeous  series  near  Launceston  and  Tavistock,  might,  seem  to 
asast  in  distinguishing  the  systems ;  the  bunches  of  manganese 
are  not,  however,  confined  to  the  carbonaceous  series,  being  found 
near  Lawannick,  Linkinghorne,  and  other  places;  and  it  is 
worthy  of  observation  that  they  are  so  found  under  general  con-: 
ditions»  such  as  the  frequent  proximity  of  schistose  trappean  ash, 
or  compact  trappean  rocks,  which  correspond  with  thi»e  under 
whidi  they  are  detected  in  the  carbonaceous  system. 

Under  these  perplexing  circumstances,  it  being  necessary  to 
distingubh  the  two  masses  from  each  other  by  some  kind  of 
boundary  on  the  map,  a  line  has  been  traced  by  weighing  such 
evidence  as  could  be  obtained,  and  deciding  upon  the  most  pror 
bable  course  the  line  may  in  consequence  be  supposed  to  take. 
The  obscurity  on  this  head  becomes  more  than  usually  great  near 
Mary  Tavy  and  Peter  Tavy,  in  consequence  of  the  alteration  of 
the  various  slates,  sandstones,  and  trappean  rocks  in  the  vicinity 
of  the  granite.  The  great  copper  lode  of  >Vheal  Friendship 
would  appear  clearly  to  cut  through  the  carbonaceous. system,  in- 
asmuch as  its  walls  are  partly  formed  of  black  carbonaceous  slate, 
and  thin  seams  of  anthracite,  not  thicker  than  a  shUling,  are 
found  among  the  harder  and  more  arenaceous  beds  through  which 
it  passes.  The  lead  and  silver  mine  of  Wheal  Betsey  is  certainly 
in  the  carbonaceous  system,  as  is  also  the  tin  lode  of  Wheal 
JeweL 

From  the  vicinity  of  Tavistock  to  that  of  Holne  Chase,  near 
Ashburton,  the  southern  boundary  of  the  carbonaceous  system 
runs  along  the  edge  of  the  granite  of  Dartmoor  for  a  distance  of 
about  forty-six  miles.  Throughout  this  distance  the  protrusion 
of  the  granite  has  thrown  up  the  edges  of  the  beds,  rendering 
them  in  a  few  places  nearly  vertical,  as  can  be  seen  on  the  high 
road  from  Okehampton  to  Exeter,  at  Ramsleigh,  near  South 
Zeal,  where  the  cutting  on  the  side  of  the  hill,  exhibits  a  good 
section  of  these  beds  close  to  their  junction  with  the  granite. 

When  we  proceed  to  trace  the  boundary  of.  the  rocks  under 
consideratioD  eastward  from  the  granite  near  Holne,  along  a  line 
separating  them  from  the  grauwacke  of  Buck&stleigh,  Ashburton, 
Ogwell,  and  Newton  Bushell,  on  the  south,  it  is  not  without  con- 
siderable surprise  that  we  find  them  dip  upon  this  line  to  the. 
southward  or  south-eastward;  a  dip  which  gives  them  the  appear-. 
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ance  of  passing  beneath  the  grotiwacke  on  the  south,  as  will  be 
seen  by  reference  to  the  sections,  pL  4,  figs.  5,  6.  Now,  if  the 
limestones  of  Bickington,  Ashburton,  and  Buckiastleigh,  form 
part,  as  there  seems  good  reason  to  conclude  they  do,  of  a  series 
of  beds  among  which  the  limestones  of  Plymouth  are  devdoped, 
and  there  constitute  a  portion  of  the  grauwacke,  the  apparent 
constancy  of  this  dip  on  the  southern  boundary  of  this  part  of 
the  carbonaceous  system  is  not  without  its  embarrassment,  if  we 
consider  the  carbonaceous  beds  as  the  more  mod^n  rocks. 

After  traversing  the  sands  and  clays  of  Bov^  Heathfield,  which 
mask  the  older  rocks,  and  conceal  the  junction-line  above  noticed 
near  New  Inn,  we  find  the  Chudleigh  limestones  occupying  a 
very  equivocal  position.  From  the  more  south-western  lime- 
quarries  to  near  Whiteway  House,  and  on  the  north-west  side  of 
the  brook,  which  flows  into  the  Teign  near  Chudleigh  Bridge,  the 
upper  series  of  rocks  appears  with  its  ordinary  characters,  the 
dip,  however,  of  the  beds  being  in  a  direction  which  would  give 
them  the  appearance  of  plunging  beneath  the  band  of  Chudleigh 
limestones  extending  from  Lower  Berkley  by  Grayleigh,  Waddon 
Barton,  and  Lower  Uppercot,  in  a  curved  line  to  Whiteway.  At 
Waddon  Barton  these  limestones  are  clearly  associated  wiUi  grey 
and  red  argiUaceous  slates,  a  continuation  of  which  is  cut  through 
on  the  first  ascent  of  Haldon  Hill,  towards  Exeter,  above  Kess- 
wells. 

Upon  the  Chudleigh  limestones  we  find  a  series  of  sandstones, 
shales,  and  conglomerates,  containing  the  remains  of  calamites 
and  other  plants,  and  much  carbonaceous  matter.  These  beds  are 
well  exhibited  in  Ugbrooke  Park,  where  they  appear  to  dip,  for 
the  most  part,  towards  the  east-south-east,  though  probably  they 
are  in  general  much  contorted,  judging  at  least  from  the  section 
obtained  by  the  cutting  on  the  southward  of  Chudleigh  Bridge 
on  the  road  to  Newton  Bushell.  From  the  confusion  which 
prevails  among  the  rocks  on  the  southern  part  of  Ugbrooke  Park 
and  in  the  vicinity  of  Orchard  Well,  in  some  of  the  quarries  near 
which  limestone  has  been  traversed  by  great  fissures  now  filled  by 
successive  coatings  of  calcareous  spar,  crystallised  on  the  large 
scale,  there  is  much  difficulty  in  tracing  the  true  relations  of  the 
conglomerates,  grits,  and  shales,  with  the  compact  grey  limestones 
and  argillaceous  slate  associated  with  them,  and  this  difficulty  is 
augmented  by  the  overlap  of  r^  sandstone  rocks  which  conceals 
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these  older  strata  on  the  one  hand,  and  supports  the  green  sand 
of  Haldon  Hill  on  the  other  (fig.  8,  plate  4). 

It  is  by  no  means  improbable  that  many  fiiults  traverse  this 
country,  added  to  which  we  have  evidence  in  the  ridge  that  ex- 
tends from  Higher  Wear,  near  Kingsteignton,  to  Rowdown  Cross 
on  the  north-east,  that  trappean  rocks  have  burst  through  the 
limestones,  and  probably  also  the  adjacent  grits  and  shales,  break- 
ing them  into  fragments,  some  of  which  are  caught  up  in  the 
ejected  trap  rock. 

A  detached  patch  of  conglomerates,  grits,  and  shales,  con- 
taining fossil  plants  and  carboneu^eous  matter,  occurs  to  the  west 
and  south-west  of  East  Ogwell,  evidently  resting  upon  the  lime- 
stones  of  that  locality.  It  is  traversed  by  two  principal  north  and 
sonth  lauks  (see  map  and  plate,  4,  fig.  5),  which  throw  up  the 
country  to  the  eastward,  so  that  the  limestone  rises  at  Connator 
Quarry  and  the  line  of  hill  of  which  it  forms  a  part,  and  is  again 
brought  up  in  the  line  of  the  high  road  from  Newton  BusheU  to 
Todies.  Near  the  latter  spot  Mr.  Austen  pointed  out  to  us  the 
non-conformable  position  of  shales,  which  probably  form  part  of 
the  neighbouring  carbonaceous  rocks,  upon  the  Umestones  of  the 
Connator  Quarry  Hill,  a  kind  of  conglomerate,  chiefly  composed 
of  pieces  of  the  subjacent  limestone,  some  of  large  size,  mixed  with 
quartx,  and  loosely  cemented  by  sand,  occurring  beneath  the 
shales.  How  far  this  may  be  the  general  character  of  the  lower 
part  of  this  patch  of  carbonaceous  rocks,  it  would  be  difficuh  to 
say,  as  the  country  is  deficient  in  good  natural  sections  of  its 
base,  and  faults  seem  common. 

It  should  be  noticed  that  the  patch  of  carbonaceous  rocks  last 
mentioned,  and  those  which  occur  at  Ugbrooke  Park,  around 
Hestow  Farm,  and  extend  from  Kingsteignton  to  Bishopsteignton, 
possess  a  common  character  in  the  coarseness  of  the  arenaceous 
beds,  and  in  the  presence  of  conglomerates— one  very  distinct 
from  that  of  the  mass  of  carbonaceous  rocks  on  the  north,  and, 
moreover,  that  the  conglomerates  contain  rounded  pieces  of  certain 
nlioeous  rocks,  approaching  Lydian  stone,  very  characteristic  and 
abundant  in  the  latter,  and  which  do  not  occur  in  the  carbon- 
aceous rocks  associated  with  the  conglomerates.  In  fact  the 
Ugbrooke  Park,  Ogwell,  Hestow  Farm,  and  Kingsteignton 
carbonaceous  rocks  differ  mineralogically  in  the  coarseness  of 
their  beds  from  the  great  mass  of  the  carbonaceous  deposits  on 
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the  north,^part  of  the  detritus  of  which  they  are  formed  being 
probably  derived  from  that  mass.  Rounded  pieces  of  black 
carbonaceous  rocks,  the  origin  of  which  may  be  more  question- 
able, are  also  detected  in  these  conglomerates.* 

Ascending  the  Teign  from  Chudleigh  Bridge  to  Crocomb 
Bridge,  we  at  first  meet  with  sandstones  which  agree  mi- 
neralogically  with  those  of  Ugbrooke  Park,  but  higher  up  the 
valley  the  ordinary  character  of  the  sedimentary  beds  of  the 
great  carbonaceous  deposit  of  Devon  prevails,  and  nodules  of 
calcareous  matter  are  found  intermingled  with  the  slates  in  the 
deep  cutting  for  the  new  road  between  Highner  and  Cannonteign. 
Between  Chudleigh  and  Dunsford,  trap  rocks,  generally  green- 
stone, are  found  associated  with  the  carbonaceous  system,  and 
the  concretionary  character  of  some  masses,  as,  for  instance,  that 
near  Ashton,  is  well  worthy  of  attention.  Near  Highner,  veins 
of  calcareous  spar  are  found  in  the  greenstone,  the  calcareous 
matter  infiltrated  probably  into  cracks,  and  derived  from  the 
neighbouring  slates,  among  which  there  are  concretions  of  lime- 
stone, as  above  noticed. 

Upon  a  review  of  the  various  facts  connected  with  the  bound- 
aries of  the  carbonaceous  deposits  under  consideration,  we 
perceive  that  along  the  northern  line  extending  from  Fremington 
to  Kittisford  there  is  an  apparent  passage  from  them  into  the 
subjacent  rocks ;  no  surface  is  found  marking  abrasion  during  a 
long  lapse  of  time  between  the  systems.  The  whole  of  this 
passage  seems  to  afford  evidence  of  a  gradual  increase  in  the 
amount  of  arenaceous  matter  brought  down  and  deposited  with 
clay  or  mud  in  an  area  where  the  latter  previously  prevailed  (a 
circumstance  frequently  observable  in  rocks  of  different  ages) ;  this 
change  in  the  transported  detritus  having  been  accompanied  by, 
and  perhaps  being  the  effect  of,  some  physical  change  in  the 
adjoining  solid  ground,  by  which  terrestrial  vegetation  was  more 
abundantly  transported  and  entombed  than  before,  for  we  have 
seen  (p.  50)  that  plants  were  transported  and  entombed  previously, 
though  only  for  a  short  time,  an  intermediate  collection  of  clay, 
mud,  and  calcareous  matter,  having  been  accumulated  between 

•  The  extent  to  which  these  carbonaceous  beds  occur  beneath  the  red  sandstune 
rocks  of  Teignmouth  is  probably  considerable.  The  former  plunge  beneath  the 
latter  on  the  line  of  the  Haldon  Hills,  and  under  the  red  conglomerate  and  sand- 
•tone»  of  Combe  in  Teignhead,  Coffinswell,  and  Abbot's  Kerswell. 
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this  first  effort,  if  we  may  employ  the  term^  and  the  final  triumph 
of  the  causes  which  produced  so  considerable  a  change  in  the 
kind  of  organic  substances  embedded  among  the  detritus. 

From  the  occurrence  of  vegetable  remains  in  the  higher  part  of 
the  undisputed  grauwacke  of  North  Devon,  and  from  the  species 
of  plants  there  entombed  being  at  least  very  analogous  to  plants 
found  in  those  more  modern  sedimentary  deposits  termed  coal 
measures,  we  necessarily  feel  litde  surprise  that  another  rock 
above  it,  either  still  higher  in  the  grauwacke  series^  or  equivalent 
to  the  old  red  sandstone  of  English  geologists,  or  to  the  car- 
boniferous limestone,  should  contain  vegetable  remains,  neither 
are  we  unprepared  to  find  that  plants  detected  in  these  rocks  should 
correspond  in  general  character,  and  perhaps  often  be  of  the  same 
species,  with  those  found  in  the  older  grauwacke  beneath^  or  in  the 
coal  measures  above. 

On  the  contrary,  if  within  so  limited  an  area,  so  small  a  portion 
of  theearths  surface,  as  that  which  constitutes  South-west  England 
and  South  Wales,  we  should  detect  certain  kinds  of  plants  both 
in  a  lower  portion  of  the  grauwacke  and  in  the  coal  mea- 
sures, ought  we  not  to  feel  considerable  surprise  if  in  rocks  within 
the  same  area,  and  geologically  intermediate  between  these  two 
masses  of  sedimentary  matter,  we  did  not  find  similar  plants,  in 
the  event  of  plants  being  entombed  at  all  in  the  detritus  of  the 
intermediate  period  ?  Great  physical  changes  might  indeed  have 
caused  a  transport  of  the  plants  of  a  different  kind  of  vegetation, 
supposing  that  they  have  been  borne  down  from  regions  the 
elevation  of  which  favoured  the  growth  of  those  of  a  different 
character,  and  assuming  that  elevation  then  as  now  produced  such 
difierences ;  but  under  ordinary  similar  circumstances  we  should 
anticipate  that,  if  plants  entombed  in  the  lower  grauwacke  and 
coal  measures  possessed  common  general  characters,  plants  de- 
tected in  detrital  rocks  produced  during  the  intermediate  period 
would  also  possess  similar  characters. 

Hie  day  is  fortunately  passed  when  it  became  necessary,  upon 
questions  relating  to  the  occurrence  of  anthracite  and  coal,  to 
adduce  arguments  in  favour  of  their  vegetable  origin.  Neither  is 
aigument  now  required  to  show  that  vegetable  substances  have 
been  accumulated  at  different  geological  periods  on  the  earth's 
sur&ce  under  conditions  which  have  subsequently  converted  such 
accumulations  into  coal.     It  will  now  be  very  generally  admitted 
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that  an  anthracite  or  coal  bed  has  required  an  accumulation  of 
plants  to  produce  it,  and  that  the  thicker  the  bed  the  greater  the 
bulk  of  vegetable  matter  necessary  to  form  it.  All  other  things 
therefore  being  equal,  the  chances  are  in  favour  of  a  more  varied 
amount  of  any  given  vegetation,  whence  the  plants  were  trans- 
ported, being  discovered  in  connexion  with  thick  or  numerous 
beds  of  anthracite  or  coal,  than  where  such  beds  are  either  thin 
or  scarce.  For  the  same  reason,  in  a  series  of  sedimentary  beds 
throughout  which  plants,  or  their  fragments,  are  more  or  less 
dispersed,  we  should  regard  the  vicinity  of  anthracite  or  coal 
beds,  if  such  there  be,  as  the  most  probable  localities  for  detect- 
ing the  greatest  variety  of  plants. 

The  occurrence  of  vegetable  remains  and  anthracite  or  coal 
associated  with  sandstones,  shales,  and  slates,  merely  shows  that 
during  the  drift  and  deposit  of  the  sands,  mud,  and  clay,  forming 
the  latter,  geological  conditions  were  favourable  to  either  the 
transport  or  entombment  of  vegetable  substances,  drifted  into, 
or  merely  covered  up  in,  that  locality,  it  being  borne  in  mind 
that  all  the  plants  so  brought  into,  or  originally  growing  in 
the  area  upon  which  the  sands,  clay,  and  mud,  were  carried, 
are  not  necessarily  buried  among  the  other  deposits,  some  totally 
perishing  in  the  waters,  as  Dr.  Lindley's  experiments  have 
shown,  before  they  conld  be  finally  entombed,  while  others  were 
partially  or  wholly  preserved.*  The  greater  or  less  extent  of  such 
carbonaceous  deposits  exhibits  also  that  of  the  conditions  under 
which  they  have  been  effected,  it  being  understood  that  neither 
denudation  on  the  one  hand,  nor  overlapping  beds  on  the  other* 
so  diminish  or  mask  the  original  area  as  to  render  any  fair  ap* 
preciation  of  its  probable  extent  impracticable. 

When  we  discover  any  series  of  rocks  composed  of  sandstones, 
shales,  and  slates,  intermingled  with  carbonaceous  beds,  the 
whole  evidently  produced  by  deposits  of  various  transported  sub- 
stances, and  find  the  subjacent  rocks  on  which  this  series  reposes 
also  to  exhibit  the  necessary  evidence  of  mechanical  origin,  the 
remains  of  vegetables  being  abundant  in  the  former,  constituting 
its  chief  organic  character,  while  fossil  plants  are  rare  in  the 
latter,  corals,  encrinites,  and  a  variety  of  shells,  being  the  chief 
organic  remains  detected,  we  at  once  perceive  that,  in  the  area 
wliere  such  facts  are  observable,  the  general  geological  conditions 
*  Fossil  Flora  of  Great  BritaiD,  vol.  iii  p.  4,  &c. 
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■Id  not  h«7e  been  precisely  the  same  dnraig  the  proc|uotioii  of 
both  aeries. 

Now  this  alteration  in  the  general  organic  character  of  the  two 
masaes  ot  detritid  matter  may  either  have  been  the  result  of 
gradual  changes  in  .tiue  oossecudye  -opder  of  geologdcal  events, 
efiacted  in  part  of  the  area  common  to  both,  or  consider- 
able tiaoe  any  bstwe  dafsed  belweea  the  deposit  of  the  upper 
part  af  the  inferior  series  and  the  lower  part  of  the  upper  series, 
during  whidi  axteofiive  masses  of  other  rocks  may  have  been 
pioduoed,  which  either  were  never  formed  in  this  particular  area, 
or,  having  been  formed,  were  removed  by  denuding  causes  prior 
t»  the  deposit  of  die  upper  senes  in  that  locality. 

If  the  eaikanaoeous  rocks  under  consideration. be  characterised, 
as  diey  are,  by  the  presence  of  iregetaUe  remains,  sometimes 
widely  scattered,  at  others  accumulated  iffito  layers,  and  these  sow 
and  then  sufficiendy  thick  (as  near  Bideford)  to  hare  produced 
and  beds  of  anthnacire,  it  wiU  be  evident  thaJt  the  general 
under  which  they  have  been  formed  nuist  have  been 
difleient  as  a  whole  from  those  in  which  the  sandstqnes,  slates^ 
aad  eidcareous  nocks  bounding  Ihem  on  the  natrth,  were  deposited. 
We  have  eodeairoured .  to  ^^amine  whether  this  ohafloge  .was 
^nduadar  sodden,  and  whether theve  is  any evidenoe  of  <a kmg 
ifltervening  lapse  of  time  between  the.. two  deposits.  That  ex- 
andDation  would  lead  us  to  infer  that  .thetre  had  not  been,  any 
4p!«cit  lapse  of  time  between  the  depomta,  neither.is  there. awy 
evadenoe  to  ahow  that  it  was  sudden,  while  the  appearance  oC  a 
» along  so  considerable  a  distance,  aad  the  general  uniform 
of  beds,  mere  modifications  taking  place  in  the  line  of 
alsribe, -would  kad  us  itoinfiBr  'that  the  Ingher  quietly  jsucceed^d 
die  lefwer  bads  in  the  .geneial  order  of  .geological  deposits. 
Soppering  this  view  correot^stilLiit  may  be  said  that,  as  rocks  have 
I  afiben  deveioped  on  ^he  jEnnali  scale  .in  one  locality,  vdiile  their 
ris  comparatively  enormous  in  another,  this  passage  of 
diacadbonaeeousrocksinte  the  grauwacke  beneath  may  correspond 
in  aj^witbthe  upper  grauwacke  of  other. places,  aad  the. whole 
iiftbevid  red  sandstone  series. 

If  wa-oonBider  the  various  fioicts  connected  with  iihe  Bouthern 
bovadary  of  die  carbonaceous  system  under  consideration,  there 
b  much  which  at  fiiat  sight  appears  contradictory.  On  the  .west 
at  Daitmoor,  particularly  towards  the  Boscastle  coast,  the  general 
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mass  of  beds  dip  northward,  resting  on  argillaceous  slates  and 
other  associated  rocks,  thus  giving  a  section  across  to  the  northern 
boundary-line  near  Barnstaple  (due  allowance  being  made  for 
multiplied  intermediate  contortions),  which  has  the  character  of 
a  trough  occupied  by  the  carbonaceous  rocks.  The  boundary  is 
certainly  unsatisfactory  between  the  Tamar  and  the  granite  near 
Tavistock,  yet,  as  a  whole,  the  carbonaceous  system  appears  to 
dip  northward,  and  there  seems  no  very  clear  evidence  of  a  turn 
over  of  the  mass  beneath  the  grauwacke*  slates  and  sandstones 
.  on  the  south,  whatever  ambiguity  may  arise  from  the  southern 
dip  of  the  rocks  extending  from  Innys-foot  to  the  east  and  west. 

As  a  whole,  a  general  northern  dip  of  the  carbonaceous  deposits 
is  continued  round  Dartmoor,  by  Okehampton  and  Drewsteignton, 
to  Dunsford,  whence  a  line  extends  by  Holcombe  Burnel  to 
Exeter,  on  the  north  of  which  a  general  northern  dip  is  still  found. 
If  sections  be  taken  from  a  line  extending  from  Boscastle  through 
Okehampton  and  Dunsford  to  Exeter  on  the  south,  to  the  northern 
boundary  from  Fremington  to  Kittisford  on  the  north,  due  allow- 
ance being  made  for  contortions,  the  mass  of  carbonaceous  grits 
and  shales,  included  between  these  lines,  seems  to  repose  in  a 
trough-like  cavity  extending  east  and  west.  On  the  southward, 
however,  of  Dunsford  and  Holcombe  Burnel,  due  allowance  being 
still  made  for  contortion,  a  southern  dip  prevails  down  towards 
Chudleigh,  Ashbiirton,  and  Buckfastleigh,  as  if  the  mass  of 
carbonaceous  deposits  was  folded  over  an  anticlinal  line  running 
from  the  skirts  of  Dartmoor,  near  Dunsford,  to  Exeter,  and  bring- 
ing the  upper  beds  gradually  to  the  southward.  The  protrusion 
of  the  adjacent  granite  has,  ho  doubt,  modified  the  position  of 
the  beds,  but  it  will  be  merely  necessary  to  examine  the  manner 
in  which  the  granite  cuts  across  the  general  mass  of  sedimentary 
rocks  to  see  that  the  prevalent  southern  dip  is  not  altogether  due 
to  this  cause.  If  this  view  be  correct,  we  should  expect  to  see  the 
carbonaceous  deposits  covered  by  some  rocks  of  the  general  series, 
if  the  whole  were  not  masked  by  much  more  modem  beds. 
Now,  precisely  in  this  position,  and  with  a  dip  away  from  the 
carbonaceous  rocks,  we  find  the  band  of  slates  and  limestones 
extending  from  Bickington  to  Buckfastleigh,  the  limestones  con- 
taining seams  of  anthracite  near  Ashburton,  with  marks  which 
appear  to  be  the  traces  of  fossil  plants  in  such  seams. 

Carbonaceous  limestones  are  found  along  the  northern  boundary 
of  the  carbonaceous  rocks  at   Fremington,  at   Lake  and  New 
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House  (near  Barnstaple),  at  Marsh  and  Swimbridge,  at  Rock 
Farm,  South  AUer,  and  Hacche  Mill  (near  South  Moulton),  at 
Upcots  and  Hele  (near  Brushford),  and  at  Wonham,  and  other 
places  in  the  vicinity  of  Bampton^  near  which  latter  place  the 
limestones^  as  berore  noticed  (p.  104),  begin  to  lose  their  car- 
bonaceous character,  so  that  their  continuation  near  Holcomb 
Rogus  and  Westleigh  does  not  possess  it.  It  is  worthy  of  atten- 
tion that^  during  the  greatest  interval  between  portions  of  lime-: 
stone  along  the  line  for  about  eleven  miles  from  Hacche  Mill, 
near  South  Moulton,  to  Upcots,  near  Brushford,.the  immediately 
subjacent  portion  of  grauwacke  becomes  very  calcareous,  even 
ccmtaining  beds  of  limestone,  a  character  which  it  only  loses  near 
Dulverton. 

Respecting  the  shell  found  so  frequently  in  the  line  of  carbo- 
naceous limestones,  and  commonly  considered  to  belong  to  the 
genus  Posidonia,  Professor  Phillips  observes,  upon  specimens 
from  Yeaa  Quarry  and  Swimbridge,  lent  to  us  by  Major  Hard- 
ing, that  they  are  insufficient  to  determine  what  relation  the  two 
species  he  has  detected  bear  to  Posidonia  Becheri,  a  shell  which 
occurs  in  the  grauwacke  slate  of  Nassau,  Or  to  those  which  are 
found  in  the  '  Calp'  of  Ireland. 

With  respect  to  the  Goniatites  from  the  same  localities,  and  in 
Major  Harding*8  collection^  Professor  Phillips  observes,  that  one 
is  so  esctremely  similar  to  G.  Hen^lowi,  from  the  carboniferous 
limestone  of  the  Isle  of  Man,  that,  unless  more  perfect  specimens 
should  disclose  some  difference,  he  should  give  it  that  name.  An- 
other species^  he  observes,  is  very  closely  related  to  G.  sphcerums 
(Sowerby),  G.  truneatus  (Phillips),  &c.,  which  belong  to  the 
carboniferous  limestone.  It  is  certainly,  he  considers,  of  that 
group,  but  without  more  specimens!  he  would  not  venture  to  assign 
it  a  specific  name. 

Along  the  southern  boundary-line,  carbonaceous  limestones, 
similar  to  those  on  the  north,  occur  at  Newchurch  Farm,  near 
Launceston  (though  very  sparingly  in  that  locality  at  a  quarry 
formeily  worked  for  roofing-slates),  on  both  sides  of  the  I'amar, 
near  Liiion ;  at  ^'towford ;  at  Thraselton ;  at  Leigh,  near  Mary 
Stow  ;  at  Poleleet  Comer,  and  Cury  Park,  near  Cory  ton ;  at  Lew 
Trenchard ;  at  Alder  and  Point  Bridge,  on  the  high  road  between 
Lew  Down  and  Bridestow ;  at  Stone  and  Millaton,  to  the  east  of 
Bridestow,  and  also  on  the  west  of  the  same  place ;  in  the  valley 
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of  the  West  Okement^  under  Elmdon^  near  Okehampton;  at 
South  Tawtoh ;  at  the  turnpike-gate  on  Whiddon  Down ;  and  at 
Drewsleignton,  beyond  which,  to  the  eastward,  this  line  of  cai^ 
bonaceoiB  limestones  has  not  been  fonnd.  Notwithstanding-  that 
the  contortions  to  which  these  beds  have  been  subjected,  in  oottunmi 
with  the  gritft  and  shales  of  the  series,  may  bring  them  up  in 
more  places  than  one  on  the  Une,  there  are  probably  two  lises  in 
the  minor  district  of  Mary  Stow,  Coryton,  Lew  Trenchard,  Stow- 
ford,  and  Thraselton,  uniting  in  their  progress  to  the  eastward  itt 
the  direction  of  Bridestow,  unless,  indeed,  we  suppose  an  iitegv* 
larly-^aped  deposit  of  limestone  to  be  so  contorted  that  fbe 
Tarioiis  parts  cut  by  th6  general  horizontal  exposure  should  pre^ 
sent  this  appearance. 

That  calcareous  beds  should  bo  carbonaceous  and  black  in  any 
part  of  a  series,  or  in  any  series  of  rocks  where  carbonaeeooa 
matter  is  abundant,  would  not  be  remarkable ;  therefore,  this  cir« 
cumstanoe  in  itself  would  be  of  little  vahie,  unless  indeed  we  reKed 
on  that  part  of  the  old  discarded  doctrine  of  universal  formations 
which  still  lurks  in  geology,  and  which  supposes  that  every  lime* 
stone  or  other  marked  bed  which  dips  beneath  the  surface,  among 
a  series  of  rocks,  must  of  necessity  reappear,  if  an  equivalent  0[ 
the  same  series  should  again  come  to  that  surhce.  The  calcareous 
matter  on  the  north  boundary-line  runs  for  the  most  part  not  fiur 
distant  from  the  edge  of  that  line,  on  the  other  side  of  which  are 
beds  impregnated  with  the  same  matter,  amounting  sometimes  to 
limestones,  so  that  the  upper  part  of  th^  lower  serieSi  and  the  lower 
part  of  the  higher  series,  are  more  or  less  calcareous  along  » 
considerable  portion,  particularly  the  western  portion,  of  the  north 
bouhdary-line.  On  the  south,  though  calcareous  matter  is  suffi- 
ciently abundant,  more  particularly  near  Trewen  and  Sooth 
Pethenvin,  from  Boscastle  to  Launceston,  in  the  upper  portion  of 
the  lower  system  of  rocks,  the  same  matter  is  not  observable  at  the 
base  of  the  upper  series  for  the  same  distance,  until  near  Lamer* 
ton.  A  section  from  South  Petherwin  to  Lower  Truscott,  on  the 
north  (pi.  4,  fig.  2),  wotild  give  the  nearest  actual  limestones  to 
each  other  (one  being  in  the  higher  system  and  the  other  in  the 
lower)  of  any  on  the  south  boundary-line  between  Boscastle  and 
Dartmoor,  the  distance  between  the  calcareous  beds  being  about 
one  mile  and  three  quarters,  measured  over  the  surfietce  of  the 
country. 
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From  this  pointy  while  the  line  of  limestone  patches  extends 
towards  Okehampton,  the  south  boundary-line  of  the  whole  series 
curres  away  from  it  to  the  southward  in  the  direction  of  Dunter- 
ton,  Milton  Abbots  Lamerton^  and  Mary  Tavy«  leaving  about 
four  miles  horizontal  distance  between  the  most  southern  patch  of 
carbonaceous  limestones  near  Mary  Stow  and  the  boundary-line 
near  Lamerton.  Though  calcareous  matter  in  sufficient  quantity 
to  form  limestone  thus  recedes  from  the  extreme  edge  of  the 
whole  system  in  this  direction^  calcareous  matter  is  not  absent 
from  that  edge.  It  occurs  among  the  shales  on  the  east  side  of 
theTamar^  near  Grayston  Bridge,  and  in  the  cutting  for  the  high 
road  from  Tavistock  to  Launceston  through  the  trappean  ash 
near  Longford,  a  trappean  ash,  which  may  be  referred  to  either 
the  upper  or  lower  systems,  not  only  contains  calcareous  matter, 
but  also  nodules  of  limestone.  Carbonate  of  lime  is  also  found 
mingled  with  the  other  substances  in  the  lode  of  Wheal  Friend- 
ship, derived  from  the  adjoining  rocks. 

The  great  characteristic  of  the  southern  boundary  of  the  upper 
series  from  Boscastle  to  Tavistock,  wherein  it  differs  very  essen- 
tially from  the  northern  boundary,  is  the  intermixture  of  schistose 
trappean  ash  among  the  other  beds.  Herein  it  closely  agrees 
with  the  grauwacke  on  the  southward  of  it,  and  on  which  it  ap; 
pears  to  rest  Commencing  on  the  west  with  Willapark  Point 
diff  near  Boscastle,  we  find  a  thin  bed  of  this  rock  interstratified 
with  the  black  slates  and  grits  of  the  mass  of  the  hill.  Proceed* 
ing  eastward  it  becomes  difficult  to  assign  the  same  rocks  near 
Lesnewth  more  to  one  system  than  to  the  other,  and  there  is  the 
like  difficulty  with  the  trappean  ash  extending  thence  along  the 
boundary  to  Hallworthy. 

Greenstone  occurs  among  the  grits  and  shales  at  Minwonnet» 
near  Trewen>  at  Trewithick,  near  Launceston,  and  in  the  town  of 
Launceston  itself,  while  schistose  trappean  ash  occurs  at  Trega- 
dillaek,  and  on  the  top  of  th^  hill  rising  on  the  south  pf  Launceston. 
Doubts  may  be  entertained  as  to  the  date  of  the  greenstone,  but 
none  can  exist  respecting  the  ash,  which  has  evidently  been  con- 
temporaneously deposited  with  the  sandstones,  shales,  and  slates 
with  which  it  is  associated 

In  tl^  country  near  Dunterton,  Milton  Abbot,  Lamerton, 
Brentor,  Mary  Tavy,  Peter  Tavy,  and  Tavistock,  the  maas  of 
schistose  ash  accompanied  by  greenstone  and  other  trappean  rocks 
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is  very  considerable.  In  this  district  also  the  geological  date  of 
the  solid  trappean  rocks  may  be  questioned,  but  that  of  the 
schistose  ash  is  clearly  the  same  with  the  various  grits  and  shales, 
it  being  merely  doubtful  to  which  of  the  two  great  systems  of 
rocks  some  of  the  beds  may  be  referred  near  Milton  Abbot,  La- 
merton,  and  Tavistock.  Some  perfectly  similar  rocks  occur  in 
both,  and  the  boundary  between  them,  as  has  been  above  noticed, 
is  not  clearly  defined. 

A  principal  and  well-marked  band  of  volcanic  trappean  ash 
commences  near  Dunterton,  passes  by  Milton  Abbot  '(its  breadth 
being  considerable  near  that  place^  including  the  village  and 
Endsleigh),  Foghanger,  Lower  Hay,  and  Churlhanger,  thence 
skirting  and  plunging  beneath  the  sandstone  and  slate  series  of 
Heath  Field  Down,  by  Pillands,  Grendon,  and  Bumford  Farm. 
There  can  be  little  doubt  that  the  principal  band  is  included  in 
the  upper  series,  as  it  can  be  seen  to  rest  upon  very  characteristic 
rocks  of  that  series.  With  a  more  southern  band  of  a  similar 
ash  commencing  with  Endsleigh,  and  which  is  well  exhibited  in 
some  quarries  on  the  line  near  Combe,  continuing  thence  by  La- 
merton  and  Kil worthy  to  Sowtentown,  there  is  not  the  same  cer- 
tainty, as  will  be  seen  by  the  section,  pi.  4,  fig.  4.  Still  more 
questionable  is  the  band  which  crosses  the  high  road  from  Tavistock 
to  Launceston,  and,  as  already  noticed,  contains  calcareous  matter, 
among  which  some  volcanic  cinders  are  sometimes,  though  spar* 
ingly,  observable. 

If  doubt  should  exist  respecting  the  origin  of  these  schistose 
iash  beds,  both  in  the  rocks  under  consideration  and  in  the  ad- 
jacent grauwacke,  it  would  be  removed  by  an  examination  of 
Brent  Tor  Hill  itself,  which,  as  we  had  occasion  to  notice  a  few 
years  since,*  bore  unequivocal  evidence  of  the  volcanic  origin 
of  its  conglomerate.  Although  cinders  may  occasionally  be  ob- 
served in  the  schistose  ash,  they  are  so  sparingly  distributed  that 
the  evidence  as  regards  them  would  be  imperfect  without  the 
mass  which  occurs  at  Brentor.  Those  who  have  examined  the 
conglomerates  of  a  modem  volcano,  where  cinders  of  varied  di- 
mensions and  porosity  are  mingled  with  pieces  of  lava,  more  or 
less  rounded  by  the  attrition  they  have  undergone  during  those 
periods  when  solid  fragments  of  it  are  ground  against  each  other 
by  the  minor  explosions  in  a  crater,  will  be  much  struck  with 
*  Ke8«>archet  iu  Theoretical  Geology,  1834,  p.  385. 
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the  general  resemblance^  allowing  for  difference  of  induration  in 
the  masses,  which  the  one  bears  to  the  other.  Most  of  the 
Yesides  of  the  cinders  at  Brentor  are  indeed  filled  up  by  siliceous 
and  other  infiltrations,  the  result  of  the  conditions  to  which  they 
hare  been  exposed  during  the  time  which  has  elapsed  since  they 
were  formed  and  deposited ;  but,  as  in  many  cases,  particularly 
near  the  stirface,  the  contents  of  the  vesicles  have  again  disap- 
peared, and  the  original  character  of  the  vesicular  rock  has  been 
in  a  great  measure  restored,  the  resemblance  to  a  modem  volcanic 
cinder  is  frequently  striking. 

Associated  with  these  cinders,  some  of  which  so  abound  in  vesicles 
as  to  approach  pumice,  are  portions  of  trappean  rocks  of  various 
kinds,  the  solid  portions  probably  of  contemporaneous  lavas,  with 
occaaonally  a  few  fragments  more  resembling  altered  sandstones, 
the  whole  united  by  a  cement  of  rather  variable  character,  being 
more  arenaceous  in  some  places  than  in  others,  upon  the  whole 
resembling  a  substance  composed  of  finely-comminuted  volcanic 
matter  consolidated.  Greenstone  appears  by  the  side  of  the 
higii  road  on  the  west  of  the  Tor,  apparently  associated,  as  so 
frequently  happens,  with  the  ancient  volcanic  ash  and  cinders.  A 
siliceous  conglomerate,  composed  of  somewhat  jaspery  fragments 
cemented  by  a  similar  substance,  occurs  on  the  east  of  the  hill, 
where  also  thick  fragments  and  blocks  of  roseate  jasper  are  dis- 
persed, 

A  mixture  of  compact  trappean  rock,  principally  greenstone 
with  ash,  occurs  about  a  mile  from  Brentor,  at  Wick,  on  the 
north-west,  part  of  a  band  which  becomes  entirely  ash  in  the 
direeticm  of  Upperton.  Greenstone  is  also  found  near  Bowden, 
more  on  the  north  of  the  Tor,  which  is  associated  with  ash  in  the 
continuation  of  the  same  band  towards  Barcomb.  A  long  and 
frequently  broad  band  of  greenstone  extends  from  the  Tamar,  a 
short  distance  south  of  Grayston  Bridge,  to  Rams  Down,  where 
it  makes  a  sharp  bend  round  to  the  south  by  WiUersley  and 
Whittor,  the  continuation  of  the  original  direction  of  this  band, 
where  it  makes  this  sharp  bend,  being  formed  of  trappean  ash, 
which  is  again  replaced  by  greenstone  towards  Quether.*  A 
very  marked  band  of  ash,  in  which  there  are  cinders,  occurs  on 

*  Calcareous  Yeios,  or  rather  seams  in  the  joints,  are  found  in  part  of  this  band 
anoag  tiie  (greenstone  exposed  in  the  descent  of  the  road  from  Dunterton  to  Gkay- 
ttoa  Bridge. 
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the  east  of  Brentor»  from  near  North  Brentor  to  South  Brentori 
and  is  clearly  seen  to  form  a  contemporaneous  portion  of  the 
grits  and  shales  among  which  it  appears. 

When  we  attentively  consider  these  facts,  the  idea  that  lA  the 
vicinity  of  Brentor  a  volcano  had  been  in  action^  producing  effects 
similar  to  those  produced  by  active  volcanos  from  a  similarity 
of  causes,  forcibly  presents  UsolC  That  this  volcano  ejected 
ashe6>  whichy  falling  into  adjacent  water,  became  inteF9tratified 
with  the  mud>  silt,  and  sand  there  depoMting,  seems  probable. 
That  greenstones  and  other  solid  trappean  rocks  constituted  the 
lavas  of  that  period  ^d  locality,  here  and  there  intermingled 
with  the  ash,  appears  also  a  reasonable  hypothesis.  Upon  the 
whole,  there  seems  as  good  evidence  as  could  be  expected  that 
to  the  north  and  north-we9t  of  Tavistock,  ash,  cinders,  and 
liquid  melted  rocks  were  ejected  and  became  intermingled  with 
mud,  silt,  and  sand  during  this  andent  g^logical  epoch,  corre- 
sponding with  the  phenomena  exhibited  in  connexion  v^h  vol- 
canos  of  the  present  day,  more  particularly  when  they  adjoin  or 
are  situated  in  the  sea,  or  other  waters,  where  ejected  ashes,  cin- 
ders, and  lava  can  be  intermingled  with  ordinary  mud,  ^ilt*  foid 
sands. 

Independently  of  other  trappean  rocks  which  have  not  been 
noticed  as  occurring  in  the  vicinity  of  Brentor,  very  large  masses 
of  trappean  rock  present  themselves  on  the  ea^ward,  forming  the 
elevated  lands  of  Homdon,  White  Tor,  Smear  Ridge,  and  Cock's 
Tor.  Though  there  is  much  greenstone  among  these  masses, 
generally  of  a  large  grain,  there  is  also  much  that  has  a  character 
approaching  to  hypersthene  rock,  one  so  frequently  observable 
where  greenstone  comes  into  contact  with  granite  in  Cornwall 
and  Devon. 

A  glance  at  the  maps  will  show  that  bands  of  trappean  rock 
skirt  the  granite  of  Dartmoor  on  the  north-west,  bending  in  con- 
formity with  the  granitic  outline,  as  if  they  had  been  thrust  out 
of  their  original  position  by  the  protrusion  of  the  granite.  When 
we  obtain  sections  of  these  bands,  as  we  do  in  the  ravines  ot  the 
West  and  East  Okement  and  Taw  Rivers,  near  Okehampton, 
they  seem  included,  like  any  other  mas3iv^  beds,  among  the  grits 
and  slates  with  which  they  are  associated;  so  that  we  might 
readily  consider  them  as  sections  of  inclined  tabular  masses  of 
the  gi'eenstones  of  which  they  are  principally  composed,  such 
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being  igneous  rocks  that  have  flowed  during  the  aceu- 
mulation  of  the  sedimentary  deposits  which  accompany  them. 

On  the  north^^east  of  Dartmoor^  near  Bridford,  Christow^  Ash- 
ton,  Heaiiock,  and  TruBham>  trappean  rocks,  similar  to  those  on 
the  west  of  the  moor,  are  found,  and  like  iheaai  seem  to-  have  been 
in  a  gveat  measure  contemporaneoudy  produced  with  the  grits, 
abides^  and  slates  of  the  carbonaceous  series.  The  manner  in 
which  these  bands  are  cut  off  by  the  granite  on  the  west  is  very 
striking,  and  the  alteration  in  the  grain  of  the  greenstones  as  they 
approach  it  is  not  less  so. 

Having  thus  endeavoured  to  trace  the  leading  eharactevistics 
of  this  higher  system  of  rocks  on  its  northern  and  southern  boun- 
daries, we  proceed  to  consider  the  principal  facts  exhibited  in  the 
country  situated  between  them.  Notwithstanding  the  ske  of 
the  area  in  which  they  are  comprised,  the  uniformity  of  the  larger 
part  of  the  carbonaceous  rocks,  viewed  generally,  is  one  of  the 
most  remarkable  circumstances  connected  with  them,  and  irom 
which  we  may  infer  considerable  uniformity  in  the  general  eon-» 
ditions  under  which  their  constituent  mud,  silt,  sands,  and  vege-* 
table  remains  have  been  accumulated. 

The  whole  of  the  beds  have  suffered  great  contortion ;  so  thai 
their  aggregate  thickness  becomes  very  questionable,  if  even  we 
proeeeded  in  the  old  way  of  measuring  such  thickness  across  the 
various  bedst,  under  the  assumption  that  such  beds  must  be  con^ 
tinuous,  or  nearly  so,  throughout  These  varied  contortions  are 
eztremdy  well  exhibited  on  the  line  of  cliffs,  extending  from  Bos* 
caetle  to  the  Barnstaple  estuary,  which  bounds  the  visible  part 
of  this  system  to  the  westward.     North  and  south  lines  of  section 


Hui-like  contortion  near  Cockington  Head,  Bideford  Bay. 
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taken  across  the  beds  between  the  west  coast  and  the  boundary 
of  red  sandstone  rocks  on  the  east  will  show  that  the  whole  is 
ridged,  furrowed,  and  twisted  in  lines  which^  when  not  much 
affected  by  the  granite  bosses,  have  a  general  direction  from 
a  few  degrees  north  of  west  to  a  few  degrees  south  of  east. 

The  mineralogical  character  of  the  beds  of  which  the  great 
carbonaceous  series  is  composed  cannot  be  considered  as  very 
varied.  Sandstones,  for  the  most  part  siliceous,  occasionally  with 
an  argillaceous  cement  varying  in  colour  from  almost  white  to 
black,  and  shales,  also  of  various  tints,  compose  the  bulk  of  the 
rocks.  The  sandstones  and  shales  are  very  irregularly  interstra- 
tified  with  each  other,  or  rather  one  is  ofVen  found  to  fine  off  amid 
a  more  largely  ^developed  mass  of  the  other.  Coarser  rocks,  as 
we  have  seen,  characterise  the  carbonaceous  deposits  of  Ogwell, 
Ugbrooke  Park,  and  Kingsteignton. 

Roofing-slates  and  flagstones  have  been  worked  in  some  places, 
such  as  on  the  coast  near  Tremoutha,  near  Launceston,  and  in 
other  localities ;  but  the  produce,  except  for  flagstones,  cannot  be 
considered  of  good  quality.  The  occurrence  of  these  beds  is  how- 
ever sufficient  to  show  that  the  deposit  has  occasionally  been  very 
fine-grained. 

In  the  direction  of  Monkleigh,  on  the  south  of  Bideford,  and 
extending  thence  towards  Orleigh  Court,  Alwington,  and  Fairy 
Cross,  there  is  much  red  sandstone,  and  on  the  coast  near  Port- 
ledge  Mouth  conglomerate,  of  the  red  sandstone  series,  is  seen 
to  rest  upon  the  red  sandstones  of  the  carbonaceous  deposits  of 
North  Devon.  Red  sandstone  is  also  very  common  among  the 
carbonaceous  series  near  Tiverton;  but  generally  speaking  red 
is  not  a  common  colour,  and  seldom  moreover  occurs  except  in 
the  vicinity  of  the  red  sandstone  series,  or  where  we  can  consider 
the  latter  to  have  once  reposed,  and  to  have  been  subsequently 
removed  by  denuding  causes. 

Anthracite,  or  culm,  occurs  in  a  few  beds,  of  very  variable 
thickness,  between  Greenacliff,  on  the  coast  west  from  Bideford, 
and  Hawkridge  Wood,  on  the  right  bank  of  the  Taw,  near  Chit- 
tlehampton,  a  distance  of  about  twelve  miles  and  a  half.  These 
beds,  the  importance  of  which  has  been  most  remarkably  magni- 
fied, are  generally  accompanied  by  black  shales,  among  some  of 
which  are  found  the  abundant  remains  of  plants^    The  anthracite 
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is  mixed  with  these  shales  in  the  manner  represented  beneath ; 


b         a       a        b  c  b  c       b  a 

a,  sandstones ;  b,  shales ;  and  c,  culm  or  anthracite. 

SO  that  the  culm  itself  seems  the  result  of  irregular  accumulations 
of  vegetable  matter  intermingled  with  mud  and  sand.  As  so 
frequently  happens  with  carbonaceous  deposits  of  this  kind, 
nodules  of  argillaceous  ironstone  are  often  found  in  the  same 
localities  with  the  shale  and  anthracite,  reminding  us  of  the  inter- 
mixture of  iron  ores  and  vegetable  matter  in  the  bogs  and  morasses 
of  the  present  day. 

The  occurrence  of  anthracite  near  Bideford  has  been  long 
known ;  and  Mr.  Greenough,  in  his  '  Geological  Map  of  England 
and  Wales/  published  in  1819,  noticed  the  fossil  plants  and  clay 
ironstone  near  Clovelly,  a  portion  of  the  series  of  beds  which 
near  Bideford  contain  anthracite.  Between  Shebberton  Cliff  and 
Cockington  Head  the  beds  associated  with  the  anthracite  consist 
of  argillaceous  shales  and  slates  intermingled  with  sandstones, 
the  latter  not  being  so  abundant  as  the  former.  Notwithstanding 
the  faults  by  which  the  strata  have  been  broken  on  this  coast, 
and  the  contortions  which  they  have  suffered,  the  shale  with  vege- 
table compressions  and  ironstone  nodules  on  the  north  side  of 
Cockington  Head  seems  somewhat  higher  in  the  series  than  the 
anthracite  beds  of  Greenacliff,  being  perhaps  a  continuation  of 
the  beds  that  occur  at  Clovelly,  and  which  are  seen  contorted 
from  thence  in  different  parts  of  the  coast  to  Hartland  Point. 

The  Greenacliff  anthracite  is  continued  in  an  east  direction 
through  the  town  of  Bideford,  two  beds  being  there  observable, 
whidi  are  more  fully  developed  about  a  mile  inland  on  the  right 
bank  of  the  Torridge.  These  beds  are  accompanied  by  shales, 
eootaining  numerous  fossil  plants,  on  both  banks  of  the  Torridge, 
near  Bideford.  From  Greenacliff  to  Eastacot  a  few  marked 
sandBtone  strata  occur  not  fiair  beneath  the  anthracite  and  its 
associated  beds,  inclined  at  a  very  high  angle  with  the  horizon. 
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Near  Alverdiscot  a  bed  of  anthracite  has  been  traced  for  about 
a  mile  from  near  the  church  to  Woodland  Farms.  Although 
contortions  might  bring  up  the  more  northern  bed  (see  map), 
which  runs  parallel  with  it  at  the  distance  of  nearly  three-quar- 
ters of  a  mile,  the  absence  of  the  marked  sandstone  beds  above 
noticed  would  seem  to  place  it  in  a  higher  portion  of  the  series. 
At  Hawkridge  Wood,  on  the  Taw,  the  anthracite  beds  terminate 
to  the  eastward ;  and  it  would  appear  that  vegetable  remains  also 
become  more  rare  in  that  direction :  at  least  they  have  been  as  yet 
very  sparingly  detected  near  Hawkridge  Wood. 

It  has  been  somewhat  prematurdy  considered  that  the  plants 
/detected  in  this  range  of  carbonaceous  rocks  from  Bideford  Bay 
to  Hawkridge  Wood  were  all  of  species  well  known  in  the  coal 
measures.  Dr.  Lindley,  who  has  examined  such  plants  from  tUs 
Tun  of  beds  as  we  were  enabled  to  place  before  him,  infomis  us 
that,  though  the  general  form  of  the  plants  resembles  that  of  die 
vegetation  observed  in  the  coal-measures,  many  species,  and  even 
«ne  genus,  were  entirely  new  to  him,  and  were  diflferent  from  any 
he  had  noticed  among  the  plants  of  the  coal-measures.  Leaves 
of  oKmocotyledoDous  plants  of  three  or  &ur  species,  hitherto 
undescribed^  constitute  the  great  proportion  of  the  veg^mion 
•entombed  along  tins  carbonaceous  range  of  rocks,  and  probably 
eontributed  most  materially  to  the  formation  of  the  anthracite; 
for  we  find  them  most  intermingled  with  that  sabstanoe.  The 
•other  plants  occur  much  more  irregularly,  calamites  and  ferns 
being  intermingled  in  patches  with  the  principal  body  of  this 
fossil  vegetation.  Amid  these  other  plants  Dr.  Lindley  recog- 
nised Pecopteris  Serlii  (Ad.  Broug^),  P.  l&nchitica  (Ad.  Broog.), 
Newropteris  Loshii  (Ad.  Broug.),  A'ietiropfm^  heterophylta  (Ad. 
BrougO'  sind  Sphenopteris  acuta  (Ad.  Broug.).  Among  tiM  cala- 
mites l^re  is  probably  also  C.  ftodoms,  and  one  which  somewhat 
resembles  C.  Steinhatm.  There  were  aeveral  species,  unknown  to 
Dr.  Lindley,  of  the  genera  Pecopterisy  AsterophyUites^  Spheno- 
phyUum,  Lepidodendrtm,  and  Po€untes.  Indeed,  a  large  propor- 
tion of  the  mass  of  plants  entombed  along  this  line  wmdd  appear  to 
belong  to  species  not  yet  known  to  occur  in  the  true  c<nd-inea- 
sures ;  and  probably  one-half  of  the  same  mass  is  made  up  of  the 
•leaves  of  plants  of  which  the  genera  have  not  been  determined. 
A  minor  portion  consists  of  species  which  appear  the  same  as 
these  which  have  been  detected  in  ihe  coal-measures. 
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CHAPTER  V. 

GENERAL  VIEW  OF  THE  GRAUWACRE  AND  CARBONACEOUS  ROCKS 
OF  THE  DISTRICT. 

When  we  take  a  general  view  of  the  mass  of  sedimentary  beds 
noticed  in  the  two  preceding  chapters,  we  are  forcibly  struck  with 
the  necessity  of  reducing  many  cubic  miles  of  pre-existing  solid 
rock  into  sand  and  a  still  finer  comminuted  slate,  to  account  for 
their  existence.  Many  of  the  upper  beds  may  indeed  have  been 
formed  from  a  partial  destruction  of  the  lower  after  the  first 
formation  of  the  latter ;  but  this  does  not  diminish  the  necessity 
of  deriving  the  whole  from  a  general  body  of  pre-existing  solid 
mioeral  matter  which  has  been  worn  into  sand  and  still  finer 
detritus  to  an  extent  at  least  equal  to  the  cubic  contents  of  the 
detrital  rocks  under  consideration.  There  can  be  little  doubt 
that  these  rocks  merely  constitute  the  visible  portion  of  still  more 
extensive  masses  of  similar  beds,  some  parts  of  which  appear  on 
the  surface  in  other  localities,  while  others  are  concealed  by  more 
modem  rocks^  the  detrital  portions  of  which  may  have  been  de- 
rived from  a  paitial  destruction  of  these  beds.  We  neither  see 
the  extent  of  these  rocks  nor  do  we  know  the  amount  of  matter 
which  has  been  abraded  from  them,  constituting  new  rocks,  since 
their  original  formation.  When  we  look  around  for  the  remains 
of  more  ancient  mineral  masses  whence  this  great  amount  of 
sand,  sQt,  and  mud  has  been  abraded,  we  find  nothing  in  the 
district,  nor  indeed  at  considerable  distances  from  it,  except  the 
mica  slates  and  chloritic  rocks  of  the  extreme  south  of  Devon,  and 
perhaps  some  rocks  in  the  Lizard  district,  remaining,  of  any  older 
mineral  masses  from  whence  the  detrital  rocks  of  the  grauwacke 
and  carbonaceous  series  may  have  been  derived. 

If  we  attempt  to  trace  the  direction  whence  any  part  or  the 
whole  of  this  sedimentary  mass  may  have  been  transported  by 
water,  we  find  ourselves  foiled  by  the  finely-comminuted  con- 
dition of  the  component  detritus  and  by  the  contortions  to  which 
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its  constituent  beds  have  been  subjected.  We  can  neither  trace^ 
except  in  the  case  of  a  few  very  subordinate  conglomerates  in 
South  Devon  and  Cornwall,  any  remains  of  the  structure  of  the 
rocks  which  have  furnished  the  sedimentary  tnatter,  nor  can 
we^  from  the  mode  in  which  the  beds  occur  relatively  to  each 
other,  form  a  safe  conclusion  of  the  manner  in  which  the  general 
drift  of  detritus  was  effected. 

North  Devon  presents  us  with  a  series  of  beds  so  resting  upon 
each  other  that  there  can  be  little  doubt  the  more  ancient  deposits 
are  found  on  the  north  and  the  more  modern  on  the  south,  the 
slates  and  calcareous  rocks  of  Barnstaple  being  the  highest  of 
the  undisputed  grauwacke  of  that  district,  while  the  Foreland 
red  sandstones  are  the  lowest.  The  latter  are  chiefly  consoli- 
dated sands,  intermingled  with  minor  portions  of  silt  and  mud, 
deposited  under  some  conditions  which  either  permitted  iron  in 
a  state  of  peroxide  to  be  intimately  mixed  with  the  detritus,  or 
left  such  intermingled  iron  in  a  state  to  be  readily  converted  into 
a  peroxide  afterwards. 

Calcareous  matter  subsequently  became  intermixed  with  the 
silt  and  mud  ;  and  either  the  carbonate  of  lime  secreted  by  living 
creatures  furnished  this  matter,  or  a  facility  of  procuring  this 
substance,  present  in  the  area  ftt>m  other  causes,  enabled  living 
creatures  so  secreting  carbonate  of  lime  to  exist;  for  we  find 
seams  of  organic  remains,  among  which  single  vertebral  columns 
of  encrinites  are  common,  in  patches  which  differ  little  in  cha- 
racter from  similar  patches  of  dead  and  living  marine  creatures, 
so  common  on  sea-coasts  of  the  present  day. 

Above  this  we  have  evidence  of  a  return  of  the  conditions  under 
which  the  lowest  red  sandstones  and  slates  were  accumulated,  in 
the  red  and  variegated  consolidated  sands,  silt,  and  mud  of  Tren- 
tishoe  and  the  Hangman  Hills,  with  their  continuation  into  Ex- 
moor.  Hitherto  sand  has  been  the  prevailing  substance;  for 
even  the  calciferous  grey  beds  of  Linton  more  partake  of  the 
character  of  consolidated  silt  than  mud.  A  considerable  change 
seems  however  to  have  taken  place  in  the  character  of  the  deposit 
above  the  Trentishoe  beds,  and  drifted  mud  appears  to  have  be> 
come  the  predominant  substance,  sands  and  silts  being  subordi- 
nate for  at  least  a  considerable  time.  In  the  lower  part  of  this 
mud  or  clay  we  find  calcareous  matter  in  sufficient  abundance 
to  produce  limestones.     And  it  becomes  interesting  to  inquire 


Digitized  by  VjOOQIC 


CARBONACEOUS  ROCKS  OF  THR  DISTRICT)  129 

bow  far  facts  may  justify  us  in  supposing  the  carbonate  of  lime 
thrown  down  from  a  solution,  or  how  far  accumulations  of  organic 
bodies  may  have  produced  it 

When  we  find  a  limestone  thinning  off  to  very  fine  edges^, 
foiming  an  irregularly-extended  sheet  of  matter^  its  thickness, 
however  it  may  vary  in  parts^  inconsiderable  when  compared 
with  its  breadth,  and  few  or  no  traces  of  organic  remains  t6 
be  detected,  it  seems  not  unreasonable  to  infer  that  there  may 
have  been  a  solution  of  carbotiate  of  lime  in  a  fluid,  and  that  the 
substance  thus  in  solution  was  precipitated  by  some  chemical 
change  in  the  fluid.  When  we  observe  seams  of  calcareous 
matter  replete  with  organic  remains,  we  are  led  to  conclude  that 
these  remains  have  chiefly  formed  the  limestone,  being  merely 
consolidated  by  calcareous  matter  which  may  in  a  great  measure 
have  been  derived  from  the  organic  remains  themselves.  Where 
we  find  limestones  terminating  abruptly  agsdnst  slates,  and  corals 
form  a  large  portion  of  such  limestones,  we  may  be  led  to  infer 
that  the  limestones  were  formed  in  the  manner  of  modern  coral 
reeb,  mud  and  silt  having  accumulated  against  them  laterally ; 
so  that,  when  the  whole  in  after  ages  became  split  by  joints  and 
divided  by  great  planes  of  lamination  and  cleavage,  the  continua- 
tion of  the  limestones  would  appear  to  be  slates  or  sandstones,  as 
the  case  may  be,  and  the  limestones  would  seem  to  abut  very 
suddenly  in  their  line  of  strike  against  dissimilar  rocks. 

If  we  apply  these  views  to  the  limestones  extending  from 
Cowbe  Martin,  in  irregular  patches  amid  the  slates,  by  ChaDa- 
combe  to  Treborough  and  Luxborough  on  the  east,  we  find  that 
while  some  beds  fine  off  very  gradually,  others  terminate  more 
abruptly,  aixl  that  organic  remains  do  not  constitute  any  large 
proportion  of  them.  Even  those  which  terminate  somewhat 
abruptly  do  not  contain  many  organic  remains.  They  appear 
more  the  result  of  a  deposit  of  carbonate  of  lime  from  a  solution 
superincumbent  on  a  surfoce  of  mud,  so  slowly  that  marine 
creatures  were  enabled  to  live  and  prosper  at  the  time,  than  of 
accumulated  banks  of  organic  bodies,  or  of  a  series  of  coral  r^efs 
extending  along  a  line  of  coast.  If  we  suppose  the  carbonate  of 
Gme  to  be  derived  from  local  calciferous  springs,  there  seems  no 
reason  why  these  should  only  have  produced  limestones  at  one 
epoch  more  than  among  the  prior  deposits,  unless  indeed  we 
imagine  that  the  causes  which  threw  down  the  carbonate  of  lime 
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in  solution  only  occurred  at  intervals.  We  should  rather  infer 
that  there  was  some  general  cause  acting  at  this  period  which 
either  rendered  the  mud  drifted  more  calcareous^  or  caused  the 
.deposit  of  carbonate  of  lime  from  the  superjacent  waters. 

Subsequently  to  the  formation  of  this  calciferous  portion  of  th^ 
series^  silty  matter  was  drifted  with  the  mud,  but  finally  mud 
alone  was  deposited^  forming  the  great  band  of  slates  extending 
irom  Morte  to  Clatworthy,  near  Wiveliscombe.  Arenaceous 
rocks  succeed^  the  causes  which  produced  the  red  colour  of  the 
lowest  beds  again  appearing  to  have  partially  acted,  though  not 
in  any  great  force ;  and  the  whole  series  is  crowned  by  silt  and 
mud^  chiefly  the  latter^  both  being  not  unfrequently  calciferous, 
and  containing  seams  of  organic  remains^  reminding  us,  in  their 
mode  of  occurrence^  of  similar  seams  near  Linton.  The  lower 
.part  of  this  last  part  of  the  series^  or  the  upper  part  of  the  arena- 
;Ceous  rocks  beneath  it — for  there  is  little  physical  separation 
between  them — contain  the  remains  of  plants  considered  ter- 
restrial :  a  fact  of  great  interest,  showing  the  existence  of  dry 
land  with  vegetation  upon  it  within  some  reasonable  distance, 
anterior  to  the  formation  of  the  beds  extending  irom  Barnstaple 
by  Anstey  (near  Dulverton)  to  Bathealton  and  Kittisford.  To  the 
variable  character  of  some  of  the  upper  beds  of  this  grauwacke 
series,  showing  modifications  in  the  causes  producing  contempo- 
raneous deposits,  we  have  previously  alluded  (p.  53).* 

*  In  1836,  as  above  noticed  (p.  43),  Professor  Sedgwick  and  Mr.  Moicfaiton 
divided  the  granwacke  of  North  Devon  into  fife  subordinate  groups. 

At  the  meeting  of  the  British  Association  for  the  Advancement  of  Science,  held 
at  Liverpool  in  1837,  the  Rev.  D.  Williams  divided  this  grauwacke  into  seven  minor 
groups  :^l.  Limestone  of  Canning^on  Park.  2.  Sandstones  of  the  Foreland,  &e. 
3.  Calcareous  slates  of  Linton.  4.  Red  slates  and  laminated  sandstone  of  Tzen- 
tishoe  and  the  Qreat  Hangman.  5.  Limestones  of  Combe  Martin  and  Ilfracombe 
with  the  Morte  roofing-slates.  6.  V^'oolacombe  flag  and  sandstones  (including  the 
Baggy  Point  sandstones).  7.  Trilobite  slates.  He  pointed  out  that  the  upper 
part  of  the  Woolacombe  sandstones  contained  fossil  plants,  and  that  the  IValohite 
slates  (No.  7)  passed  into  an  upper  group  (8)  of  Wavellite  schistus  and  black  lime>- 
stones,  supporting  a  still  higher  group  (9),  which  he  names  the  culmiferous  and 
floriferous  shales  and  sandstones.  The  Rev.  D.  Williams  considered  the  groups  8 
and  9  as  forming  at  least  part  of  the  upper  grauwacke.  He  observes  that  he  stated 
the  fact  of  the  carbonaceous  rocks  occurring  in  a  trough,  bounded  by  the  ridge  of 
Ezmoor  on  the  north  and  the  granite  of  Dartmoor  and  the  slates  of  Forrabury  and 
Boscastle  on  the  south,  at  the  meeting  of  the  Britbh  Association  held  at  Dublin  in 
.1835.— (Report  of  the  Proceedings  of  the  British  Association,  Athemeum,  October 
7, 1837.) 
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Hitherto  we  have  noticed  beds  which  it  seems  agreed  should 
be  referred  to  the  group  usually  termed  grauwacke.  With  the 
rocks  to  be  next  mentioned  the  case  is  however  different.  We 
have  seen  that,  conformably  with  the  range  of  the  southern  boun- 
dary of  the  undisputed  grauwacke  of  North  Devon  and  West 
Somerset,  we  have  the  northern  boundary  of  a  great  carbonaceous 
system,  and  that  it  was  extremely  difficult  to  draw  fine  lines  of 
demarcation  between  the  two  great  systems,  supposing  them  to 
be  clearly  separable. 

When  we  regard  the  various  facts  observable  between  these 
systems,  we  perceive  nothing  which  would  lead  us  to  consider 
that  any  geological  interval  had  elapsed  between  the  last-formed 
beds  of  the  one  and  the  first-formed  beds  of  the  other.  On  the 
contrary,  we  find  that  shading  or  passage  of  one  into  the  other 
which  is  usually  regarded  as  affording  evidence  of  a  continued 
mechanical  deposit,  alterations  of  some  of  the  conditions  under 
which  the  sedimentary  matter  was  accumulated  causing  corre- 
sponding changes  and  alterations  in  the  character  of  the  sand, 
silf,  and  mud  brought  to  rest 

Little  doubt  would  probably  have  been  thrown  on  the  conclu- 
sion that  the  carbonaceous  series  was  merely  a  portion  of  a  great 
system  of  tranquil  deposits  passing  into  each  other,  if  certain 
fossil  plants  collected  by  us  in  the  vicinity  of  Bideford,  and  pre- 
saded  to  the  Geolc^cal  Society  of  London,  had  not  been  re- 
garded as  of  the  same  species  with  plants  detected  in  the  coal- 
measures.  Under  the  supposition  that  the  species  of  plants 
detected  in  the  coal-measures  must  be  limited  to  them,  it  has 
been  considered  anomalous  that  species  resembling  them  should 
be  finud  entombed  among  the  mud,  silt,  and  sand  of  an  earlier 
date,  notwithstanding  that  the  general  organic  character  of  the 
various  sedimentary  deposits,  from  the  grauwacke  to  the  coal- 
la  Jaaony,  1838,  Mr.  Weaver  read  a  paper  to  the  Geological  Society  of  London 
en  die  Geological  ReUtioiis  of  North  De? on^t  in  which  he  subdivided  the  rocks  of 
Ae  district  mm  foUows: — 1.  Foreland  sandstone.  2.  Linton  calcareous  slates.  3. 
IVeotiahoe  qoaitsy  states  and  sandstones,  includiog  the  Combe  Martin  limestone. 
4.  Marie  sbiiei.  5.  Woolacombe  sandstones,  flagstones,  and  slates.  6.  Trilobite 
dateih  7.  Wsvellite  schistos  and  limestone.  8.  Culmiferous  shales.  He  con- 
dodca  "  that  the  strata  from  1  to  6  belong  to  a  system  distinct  from  that  which 
iadades  the  beds  7  and  8,  the  former  constituting  a  peculiar  tramsi/ion  group,  and 
the  Utter  belonging  to  the  true  coal-measures  of  England,  the  old  red  sandstone 
iKing  alone  wanting.''— (Proceedings  of  the  Geological  Society  of  London,  vol,  ii. 
^  589, 590.) 
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measures,  both  inclusive,  offers  so  much  family  resemblance  thai 
it  may  be  well  doubted  if  the  classification  which  includes  them 
in  one  great  group — a  classification  that  has  oflen  been  adopted 
by  continental  geologists,  and  more  recently  employed  by  Pro- 
fessor Buckland  in  his  Bridgewater  Treatise — ^is  not  most  con- 
formable to  a  natural  division  of  rocks. 

Tlie  accidental  occurrence  in  the  undisputed  grauwacke  of 
Barnstaple  of  plants  analogous  to  those  detected  in  the  coal-mea- 
sures destroys  any  importance  which  might  be  attached  to  the 
presence  of  such  plants  among  the  grits  and  shales  of  the  car- 
bonaceous series  of  Devon  and  Cornwall.  That  it  should  have 
been  considered  an  anomaly,  as  has  been  done  in  England,  to 
discover  plants  in  an  earlier  rock,  analogous  to  those  so  abundantly 
found  in  the  coal-measures,  is  the  more  remarkable  when  we  re- 
flect that  it  has  for  some  time  been  held  by  continental  geologists 
that  plants  similar  to  those  in  the  coal-measures  are  discovered 
in  grauwacke.  And  it  should  be  recollected  that  this  opinion  has 
been  held,  not  by  geologists  who,  as  formerly,  made  no  distinc- 
tions between  coal-measures  and  grauwacke,  but  by  those  who 
did  make,  and  well  understood,  such  distinctions. 

M.  Burat  said  in  1834,  when  speaking  of  the  grauwacke  seri^, 
*'  Fossil  vegetables  are  not  abundant  in  it :  nevertheless  the  upper 
part  of  the  system  sometimes  contains  them  in  great  quantity. 
They  consist  of  ferns  and  reeds  analogous  to  those  found  in  the 
coal-measures.  The  frequency  of  these  vegetables  is  generally 
in  proportion  to  the  abundance  of  carbon  which  forms  masses 
and  beds  of  anthracite  and  even  of  coal."*  When  treating  of  the 
upper  grauwacke  of  Brittany,  part  of  Normandy,  le  Maine,  and 
.  Anjou,  the  same  author  observes  that  this  group  is  composed 
of  alternating  beds  of  grey,  black,  and  red  slates;  of  very  shelly 
limestones;  of  quartzose  sandstones,  often  passing  into  compact 
quartz,  grey  and  white;  and  of  carbonaceojus  matter  formin|r 
anthracite  and  even  coal-beds.  "  The  abundance  of  carbon  is  in 
fact  its  most  striking  character ;  for  not  only  are  the  slates  car- 
bonaceous, but  they  are  also  associated  with  beds  of  anthracite 
and  coal  attaining  even  a  metre  f  in  thickness.  This  character 
at  one  time  led  to  the  supposition  that  a  part  of  this  country 
belonged  to  the  coal-measures.     The  beds  of  carbon  are  worked 

*  Traits  de  GKognogie,  par  D'Aubuiaion,  seconde  ed.,  tom.  ii.  p.  212. 
t  A  French  metre  is  equal  to  3  feet  3*37  inches  EngliBh. 
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at  St.  Georges  Qiatelaison^  Montrelais>  Mouzeil,  Nort^  Languin> 
&c,  where  they  are  generally  included  among  black  slates,  alter- 
nating with  compact  limestones,  more  or  less  shelly,  grey,  black, 
or  reddish,  with  talcose  slates,  and  sandstones  either  pure  or  fer- 
ruginous. At  Montrelais  four  beds  of  anthracite  are  associated 
with  micaceous  sandstones  containing  nodules  of  quartz,  and 
alternating  with  slates  and  quartz  rock. 

"  The  beds  of  this  district  are  often  highly  inclined,  sometimes 
vertical,  curved,  and  undulating,  as  may  be  seen  in  the  coal-mines 

and  among  the  roofing-slate  of  Augers 

"This  formation,  which   resembles  the  coal-measures  in  the 
abundance  of  its  carbonaceous  beds  and  in  its  vegetable  remains, 
nevertheless  essentially  differs  from  it  in  its  other  fossils  (shells 
and  corals),  in  its  mode  of  occurrence,  which  has  no  resemblance 
to  basin  deposits,  and  lastly  in  its  unconformable  position  to  that 
rocL    In  fact,  small  basins  which  really  do  belong  to  the  coal- 
measures  occur  in  the  same  country,  the  nearly  horizontal  beds 
of  these  real  coal-measures  resting  on  the  basset  edges  of  the 
inclined  beds  of  slate,  limestone,  sandstone,  and  anthracite.     It 
resembles  the  inferior  transition  rock  in  its  composition,  but  dif- 
fers from  it  by  the  abundance  of  carbon,  by  the  presence  of  cer- 
tain fossils  (Belierophons,  Ammonites,  &c.),  and  by  the  uncon- 
formabiHty  of  its  stratification.     The  lower  transition  rocks  form, 
in  feet,  observes  M.  Elie  de  Beaumont,  gibbosities  round  which 
the  upper  transition  beds  mantle.     The  older  schistose   beds 
have  generally  a  direction  from  N.E.  i  E.  to  S.W.  i  W.,  while 
the  carbonaceous  beds  have  a  general  strike  between  a  line  east 
and  west,  and  another  W.  15°  N.  and  E.  15°  S.,  leading  us  to 
infer  that  the  low^  transition  beds  had  been  forced  into  one  direc- 
tion before  the  deposit  of  the  upper  transition  rocks,  which  were 
themselves  compelled  to  follow  another  before  the  deposit  of  the 
coal-measures.*'* 

That  the  opinion  as  regards  anomaly  should  be  entertained  is  I 

still  more  remarkable,  when  we  consider  that  M.  Adolphe  Brong-  I 

niart,  no  mean  authority  on  such  subjects,  remarks,  when  speak-  ' 

bg  of  grauwacke  or  transition  rocks,  '*  These  rocks,  so  rich  in 
madrepores  and  other  classes  of  inferior  animals,  are  very  poor 
in  foa^  vegetables.  In  some  places  beds  have  been  found, 
which  many  distinguished  geologists  refer  to  these  rocks,  that 


•  Traitt  de  Gtegnotie,  par  D' AubuisBon,  torn.  ii.  p.  256,  &c. 
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contain  plants  perfectly  resembling  those  of  the  coal-measures. 
Thus  the  Museum  of  Strasbourg  possesses  many  specimens 
of  plants  which  accompany  the  anthracites  of  Berghaupten  and 
Zundsweiler,  in  Baden^  and  others  which  are  found  in  the 
transition  rocks  of  Bitschweiler  (dep.  of  the  Haut  Rhine).  M. 
Voltz  considers  these  formations  as  belonging  to  the  transition 
series,  and  as  consequently  more  ancient  than  the  coal.  M. 
Omalins  d*Halloy  also  cites  the  remains  of  plants,  analogous  to 
those  found  in  the  coal-measures,  as  occurring  among  the  slates 
of  the  Ardennes,  which  appear  to  have  been  contemporaneous 
with  transition  limestone." 

In  a  more  recent  memoir  on  the  nature  of  the  plants  which 
have  existed  on  the  surface  of  the  earth  at  different  epochs,  M. 
Adolphe  Brongniart  observes  that  *'  The  terrestrial  plants  which 
occur  in  the  beds  more  ancient  than  the  coal-measures,  the 
transition  rocks,  for  example,  are  not  numerous,  and  scarcely, 
if  at  all,  differ  from  those  contained  in  that  formation.  There 
does  not  appe&r  to  me,"  he  continues,  "  more  difference  in  the 
fossil  plants  of  the  two  epochs  than  between  those  in  the  upper 
and  lower  beds  of  the  same  deposit  of  coal-measures."* 

M.  Voltz  observes  that  the  Bitschweiler  beds  above  noticed 
**  occupy  the  valleys  of  Saint- Amarin,  Mazevaux,and  Guebwiller, 
and  the  bottom  of  those  of  Munster  and  of  other  parts  of  the 
Vosges ;  that  they  are  composed  of  transition  slates,  grauwacke, 
and  porphyry;  that  their  stratification  is  nearly  vertical;  and 
that  they  also  contain  some  beds  of  anthracite,  anthracitic  grit, 
and  a  much-divided  petrosiliceous  rock."f 

"  M.  Elie  de  Beaumont  points  out  the  valley  of  Thann,  in  the 
Vosges,  as  to  example  of  the  upper  transition  series.  It  is  com- 
posed of  slates  and  sandstones,  which,  like  those  of  St.  Georges 
Ch&telaison,  frequently  become  felspathic  near  the  interstratified 
petrosiliceous  rocks.  These  slates  are  often  carbonaceous,  and 
contain  beds  of  anthracite  with  vegetable  impressions.  The 
general  direction  of  the  beds  is  not  the  same  with  that  of  the 
slates  and  grauwacke  of  the  central  part  of  the  Vosges ;  and 
these  two  directions  stand  in  the  same  relation  as  those  of  the 
formations  in  Brittany.     The  prolongation,  moreover,  of  these 

*  CoDsid^ntions  tar  la  Nature  des  V6gitaux  qui  out  cou? ext  la  Surface  de  1c 
Terre  aux  divenes  Epoques  de  sa  Formation.  Par  M.  Adolphe  Brongniart.  Aea- 
d^mie  Roy  ale  des  Science*.    Lu^s  dans  la  i^ance  publique,  11  Septembre,  1837. 

t  Histoire  des  V^g^taux  Fowiles,  par  Adolphe  Brongniart,  torn,  i  p.  123. 
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carbonaceous  beds  occurs  on  the  other  side  of  the  Rbine^  in  the 
mass  of  the  Swartzwald^  constituting  a  formation  under  the  same 
conditions.  The  anthracite  found  in  it  is  worked  at  Zundsweiler. 
These  facts^  joined  to  the  absence  of  shells^  have  led  M.  Eiie  da 
Beaumont  to  consider  that  these  upper  transition  beds  have  been 
deposited  in  a  lake  elongated  in  a  direction  from  Thann  to 
Zondswdlery  and  that  in  fact  this  carbonaceous  system  (which 
offefB  BO  analogy  with  the  coiBd-measures  worked  near  there>  at 
Ronchatnp)  forms  a  true  basin-shaped  deposit.'*  '*' 

The  works  above  cited  have  not  been  selected  because  they 
alone  oontain  these  views,  which  is  far  from  being  the  case>  but 
because  they  are  so  readily  accessible  that  probably  few  geological 
hbraries  are  without  them. 

It  may  be  useful,  in  addition,  to  state  that,  prior  to  1833,  MM. 
Elie  de  Beaumont  and  Dufr^noy  examined  the  district  of  Brittany 
and  Normandy  while  occupied  on  the  government  geological  map 
of  France,  and  that  in  the  beginning  of  1833  the  former  geologist 
described  the  facts  noticed  by  them  in  that  district  in  his  lectures 
at  the  College  de  France,  from  which  lectures,  we  believe,  M. 
Burat's  descriptions  were  principally  taken.  M.  Elie  de  Beau-» 
Diont  informed  me,  in  a  conmiunication  dated  December,  1834, 
that  he  and  M.  Dufir^oy  completed  and  verified  their  observa- 
tions in  that  year.  He  observes  that  the  peninsula  of  Brittany 
(which,  geologically  speaking,  comprises  the  Bocage  of  Nor- 
mandy^ La  Vendee,  and  a  part  of  the  departments  of  the  Sarthe 
and  others)  presents  three  different  systems  of  rocks  anterior  to 
the  new  red  sandstone,  as  distinct  from  each  other  as  the  oolites, 
the  chalky  and  the  calcaire  grossier.  The  first  is  the  lower  trans- 
ition system,  consisting  of  slate  and  grauwacke  passing  into  mica 
slate  and  gneiss,  penetrated  by  granite.  The  second  \A  the  upper 
transition  system,  composed  of  sandstones  and  conglomerates,  of 
granular  and  compact  quartz  rock  (Mai,  near  Caen),  of  limestones 
(Fuguerolles,  near  Caen),  and  of  grauwacke  and  different  slates 
(slates  of  Angers,  &c.),  more  or  less  carbonaceous,  the  latter  con- 
taining vegetable  impressions  and  beds  of  anthracite  in  many 
places,  the  anthracite  being  sufficiently  thick  in  some  to  be  worked. 
(St.  Georges  Chitelaison,  Montrelais^  &c.)  '  The  third  is  the 
carboniferous  system,  represented  by  the  small  coal-bailsins  of  Litry 

•  lyAabiiinon's  Tjrait6  de  G^gnotie,  par  Am^dte  Burat,  1834,  torn.  ii.  p.  260, 
361. 
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(Calvados),  of  Plessis  (Manche),  of  Saiiit-Pierre-Laoour  (La 
Mayenne),  and  of  Quitnper  (Pinisterre). 

.  M.  Elie  de  Beaumont  proceeds  to  observe  that  there  cannot  be 
the  slightest  doubt  that  the  carbonaceous  trilobite  slates  of  Angers 
are  of  the  same  formation  as  the  anthracite  beds  which  are  worked 
for  profitable  purposes,  and  that  v^etable  impressions  are  fre- 
quent in  all  the  slate  and  arenaceous  beds  of  the  upper  tnuisition 
system,  being  more  particularly  abundant  in  the  rocks  which  form 
the  roofs  and  floors  of  the  anthracite  beds.  Numerous  specimens 
were  procured  by  M .  Dufrenoy  and  himself,  both  among  the 
anthracite  mines  and  among  the  slates  and  grauwacke  traversed 
by  the  argentiferous  lead  lode  of  Huelgoat,  near  Poullouen  (Pi- 
nisterre). M.  Adolphe  Brongniart,  who  has  examined  these 
impressions,  finds  that,  while  some  of  the  species  are  yet  unknown 
in  the  coal-measures,  others  are  identical  with  those  found  in 
that  rock.* 

So  far,  therefore,  from  there  being  any  anomaly  in  detecting  the 
so-called  coal-measure  plants  in  grauwacke,  previous  knowledge 
would  lead  us  to  expect,  if  there  should  be  any  accumulation  of 
vegetable  remains  in  that  rock,  and  more  particularly  if  such  ac- 
cumulations should  have  been  sufficient  to  form  the  materials  for 
coal  or  anthracite  beds,  that  such  plants  would  have  the  same 
general  character,  and  for  the  most  part  be  of  the  same  species,  as 
those  detected  in  the  coal-measures  themselves. 

Accumulations  of  plants  sufficient  to  form  beds  of  coal  or  an- 
thracite at  diiSerent  geological  periods  merely  show  that  similar 
conditions  proper  for  such  accumulations  have  obtained  at  these 
respective  epochs.  Perhaps  there  are  few  things  in  geology 
which  have  less  advanced  beyond  the  old  doctrine  of  universal 
formations  than  the  coal-measures.  The  name  itself  of  coal-mea- 
sures has  probably  not  a  little  contributed  to  the  supposition  that 
this  system  of  rocks  must  have  been  an  accumulation  of  similar 
plants  amid  similar  sands,  silts,  and  mud,  if  not  over  the  whole 
face  of  the  globe,  over  at  least  a  very  considerable  portion  of  it 
It  seems  to  have  been  difficult  to  consider  that  the  carbonaceous 
accumulations,  to  which  the  term  coal-measures  has  been  so  ex- 
clusively applied,  merely  constituted  a  portion,  and  probably  a 
minor  portion,  of  the  sedimentary  deposits  efiected  at  that  geolo- 
gical epoch,  and  that  their  equivalents  in  age,  where  the  neces- 
*  Elie  de  Beaumont,  MS. 
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itary  cooditiona  for  such  carbonaceous  aecumulalious  did  not 
obtain,  were  marked  by  the  presence  of  shells,  corals,  and  other 
rematns  of  animal  life,  among  which  the  fragments  of  a  terrestrial 
plant  were  of  the  greatest  rarity. 

We  learn  from  the  geological  structure  of  Brittany  and  Nor- 
Biaiidy  that  a  series  of  detrital  beds  were  there  deposited  during 
the  grauwacke  epoch  under  conditions  that  permitted  so  consider- 
able an  accumulation  of  vegetable  matter,  that  in  several  instances 
beds  of  coal  and  anthracite  were  the  result;  and  we  also  learn 
that  the  plants  therein  entombed  were  generally  of  the  same  species 
widi  those  found  in  rocks  higher  in  the  geological  series.  We 
infer,  therefore^  similar  physical  conditions  for  the  accumulation 
of  the  vegetable  matter  at  these  different  geological  epochs,  and 
a  similar  vegetation  to  have  existed  in  the  lands  where  the  ter- 
restrial plants  which  produced  it  grew. 

When  we  inquire  closely  into  the  nature  of  the  evidence  on 
whidi  the  supposed  equality  in  geological  date  of  numerous 
deposits  in  Europe,  termed  coal-measures,  is  founded,  it  being  un- 
deratood  by  the  name  coal-measure  that  the  beds  were  formed  of 
sedimentary  matter  deposited  aller  the  carboniferous  limestone  of 
England  and  Belgium,  we  find  that  this  geological  parallelism 
is  founded  on  the  pccurrence  of  certain  fossil  plants,  a  few  of 
which  may  be  common  to  all;  but  not  a  few  are  common  to 
merely  two  or  thre^.  or  three  or  four,  of  these  carbonaceous 
dqKwtts.  Now,  if  the  views  of  M.  Adolphe  Brongniart  be  correct, 
and  the  plants  found  in  the  grauwacke  and  coal-measures  (above 
the  carboniferous  limestone)  be  so  generally  similar^  we  may 
have  many  deposits  referred  to  the  same  epoch,  which  are,  in 
CKt^  of  different  geological  ages,  ranging  from  the  grauwacke  to 
the  true  coal-measures,  .both  inclusive.* 

That  conditions  should  obtain  over  a  considerable  area,  such 

*  M.  Ad.  BrongnUrt  se^mg  to  treat  all  thig  period  as  ioduded  under  one  epoch 
of  ftegetation,  whieh  he  temut  the  primitive  vegetation  of  the  globe,  designating  the 
coaMepusiti  formed  during  that  period  by  the  general  term  '^terrains  houillers." 
He  irgaids  it  as  baYing  commeneed  as  soon  as  emerged  portions  of  the  earth's  sur- 
face bcoMOie  covered  by  a  few  plants;  feeble  and  scarce  at  first,  however,  not  attain- 
iag  its  maiimnm  development  imtil  towards  the  end  of  the  coal  peiiod  (periode 
houill^re).  He  further  observes  that  during  this  lung  period  the  vegetation  seems 
to  have  suffered  notable  changes  as  to  S|)ecie8>  while  it  preserved  the  same  essential 
dbnclen.  (Considerations  sur  la  Nature  des  V6getaux  qui  ont  couvert  la  Surface 
de  U  Terre,  Ac^  p.  5.) 
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as  that  of  Europe^  at  various  periods^  and  in  different  places,  favour* 
able  to  carbonaceous  deposits,  during  all  that  time  which  must 
have  elapsed  while  the  mass  of  detrital  and  other  rocks,  known  as 
grauwacke,  old  red  sandstone,  carboniferous  limestone,  and  ooal- 
measures,  was  accumulating,  seems  an  hypothesis  far  more  reason- 
able than  that  of  a  sudden  contemporaneous  deposit  of  car- 
bonaceous rocks  over  the  same  area.  The  one  opinion  is  in 
accordance  with  facts  observable  in  other  deposits,  such  as  the 
oolitic,  cretaceous,  and  supracretaoeous  series,  and  with  the  manner 
in  which  materials  for  future  rocks  are  accumulated  at  the  present 
day,  while  the  other  is  little  else  than  the  old  doctrine  of  the 
*^  Independent  (Joal  Formation  "  of  the  Wemerian  schooL 

As  far  as  the  evidence  of  the  mode  of  superposition  extends* 
and  as  far  as  that  of  the  fossil  plants  detected  in  the  carbonaceous 
series  of  North  Devon  is  concerned,  and  we  have  seen  the  pro- 
portion of  known  fossil  plants  there  supposed. to  bear  to  the 
unknown  (p.  126),  these  carbonaceous  beds  may  be  an  upper  part 
of  the  same  series  of  tranquil  deposits  of  which  the  various  sand- 
stones, slates,  and  calcareous  beds  on  the  north  of  them,  consti- 
tute the  lower.  Professor  Phillips  considers,  indeed,  that  t^ 
gtmiatiies  discovered  in  the  black  limestones,  running  near  the 
north  boundary  of  the  carbonaceous  series,  are  of  species  cop- 
responding  with  those  found  in  the  carboniferous  or  mountain 
limestone.  Considering  this  determination  to  be  correct,  it  would 
no  doubt  weigh  much  with  those  who  suppose  every  minor 
geological  epoch  well  marked  by  fossils  peculiar  to  it,  and  that 
conditions  could  not  obtidn  within  reasonable  limits  (admitting  that 
great  changes  in  animal  life  have  taken  place  from  the  earliest  to 
the  most  recent  epochs)  which  should  be  favourable  to  the  exist* 
ence  of  creatures  of  the  same  kinds  earlier  in  one  locality  than  in 
another.  We  should  have  for  the  goniatites  of  the  black  lime- 
stone above  noticed  conditions  which  may,  for  convenience,  be 
termed  carbonaceous  conditions. 

Now  there  appears  nothing  imreasonable  in  the  supposition 
that  carbonaceous  conditions,  at  the  epoch  of  the  grauwacke, 
would  have  animal  life  adjusted  to  it  different .  from  that  which 
was  fitted  for  non-carbonaceous  conditions  at  the  same  time,  and 
therefore  there  would  be  nothing  remarkable  in  not  discover- 
ing the  remains  of  animals,  commonly  entombed  in  deposits 
effected  under  non-carbonaceous  conditions,  amid  the  mud,  silt,  or 
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sand^  contemporaneously  brought  to  rest  beneath  carbonaceous 
waters,  and  a  mass  of  transported  Tegetation,  half  of  it  probably 
in  a  decomposing  state,  in  other  localities.  If  we  suppose  the 
carbonaceous  deposits  of  the  grauwacke  and  ooal-meaaures  of  a 
large  part  of  Europe  to  have  been  effected  under  similar  physical 
condit]ons5  and  the  vegetation  entombed  be  of  the  same  general 
kind,  indicative  of  growth  in  similar  climates,  we  obtain  Uke 
general  temperature  and  physical  conditions  for  the  deposits  at 
those  Tespective  times  in  that  area.  Hence,  if  animal  and 
vegetable  life  has  always  been  adjusted  to  conditions,  as  we  now 
invariably  find  it  to  be,  analogous  animal  life  may  have  existed 
during  the  respective  deposits  of  the  carbonaceous  grauwacke  and 
the  coal-measures,  and  amid  the  carbonaceous  deposits  of  the  in- 
termediate time.  If  therefore  we  detect  a  group  of  shells  pos- 
sessing a  certain  form,  such  as  a  group  of  goniatites,  amid 
limestones  in  carbonaceous  grauwacke,  which  is  also  found  in 
Umestones  formed  when  like  carbonaceous  conditions  were  pre- 
vaiiii^  at  a  somewhat  more  recent  epoch,  yet  still  one  when  the 
general  forms  of  animals,  judging  at  least  from  the  remains 
known  to  us,  was  much  the  same,  there  would  appear  nothing  in 
it  contrary  to  the  adjustment  of  life  to  similar  physical  condi-* 
tions.* 

We  have  seen  that  along  the  southern  boundary  of  this  car- 
bonaceous series  its  beds  repose  on  older  rocks  from  Boscasde  to 
South  Petherwin.  There  is  little  to  show  at  present  either  that 
these  lower  rocks  correspond  in  age  with,  or  are  different  from> 
the  range  of  calcareous  and  argiUaceous  slates  which  bound  the 
carbonaceous  series  on  the  north.  One  marked  difference  exists 
between  the  southern  and  northern  beds  in  the  trappean  ash  and 
vesicular  igneous  rocks  which  are  associated  with  the  former  and 
deficient  in  the  latter.  This  may  be  merely  a  local  difference,  but 
still  it  is  one  which  may  have  greatly  influenced  the  conditions 
under  which  animal  life  existed  in  the  two  localities,  supposing 
them^  for  illustration,  to  be  contemporaneous.  Professor  Phillips 
conuders  that  a  Terebratula,  analogous  to  T.  plicatella  of  Dal- 

*  We  axe  too  apt  to  regard  the  carboniferous  or  mountain  limestone  as  separable 
from  the  carbooaceoiu  rocks  which  it  supports.  The  two  are  intimately  blended 
wHh  ca^  other  in  the  north  of  England,  and  coal  it  stated  to  be  even  found  beneath 
Ak  whole  of  the  limestone  in  the  old  red  sandstone  of  Dumfries.  In  such  situations, 
at  kMt,  and  perhaps  also  in  parts  of  Ireland,  the  mountain  limestone  was  formed 
Buder  diciniistanceff  indicatiye  of  a  great  prevalence  of  carbonaceous  conditions. 
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man,  is  found  in  both,  as  also  another  Terebratula  resem- 
bling T,  didyma  of  the  same  author,  both  shells  occurring 
in  rocks  considered  as  upper  grauwacke  in  Gottland  and  Os- 
trogothia.  Several  species  of  the  remarkable  genus  Clymenia, 
of  Munster,  occur  at  South  Petherwin,  no  trace  of  which  has 
yet  been  discovered  in  the  north.  These  may,  however,  be 
mere  local  variations  due  to  local  causes.  There  is  much  diffi- 
culty in  separating  the  carbonaceous  system  from  the  South 
Petherwin  rocks,  and  we  can  readily  conceive  a  newer  rock 
mantling  round  part  of  an  older  deposit,  so  that,  while  it  should 
graduate  into  beds  beneath  it  in  one  place,  it  may  overlap,  and 
even  rest  upon  the  edges  of  upturned  strata  in  another.  Now  the 
mode  in  which  the  trappean  ash,  vesicular  rocks>  and  solid  green- 
stones, are  associated  with  the  series  of  which  the  South 
Petherwin  beds  form  a  part,  is'  sufficient  to  show  that  volcanic 
disturbances  may  have  been  frequent  during  its  formation. 
Hence  we  could  scarcely  expect  that  quiet  succession  of  deposits 
which  might  take  place  contemporaneously  in  a  less  disturbed 
part  of  the  area,  such,  for  example,  as  North  Devon,  and  we 
might  obtain  consecutive  deposits,  sometimes  reposing  conform- 
ably upon,  at  others  resting  against,  broken  or  uplifted  edges  of 
beds  formed  immediately  before  them. 

This  intermixture  of  productions,  which  bear  great  analogy  to 
those  of  existing  volcanos,  is  common  to  the  line  of  junction 
between  the  carbonaceous  system  and  the  slates  and  grits  bound- 
ing it  on  the  south,  from  Boscastle  to  the  granite  near  Tavistock, 
and  for  a  considerable  part  of  that  distance  obscures  the  junction 
so  much,  that  a  line  separating  them  is  purely  arUtrary.  The 
whole  has  greatly  the  character  of  a  line  of  coast,  or  shallow 
water  agitated  by  volcanic  action,  a  great  change  having  been 
effected  in  an  area  comprising  North  Devon,  wUch,  while  it  did 
not  interrupt  the  volcanic  eruptions  on  the  south,  brought  a  large 
part  of  this  area  into  a  trough-like  form,  so  that  carbonaceous 
matter  and  plants  were  accumulated,  and  the  volcanic  vents 
through  which  ashes,  cinders,  and  solid  lava  were  ejected  during 
the  non-carbonaceous  time,  continued  to  supply  the  same  ma- 
terials after  the  change,  these  materials  being  then  associated 
with  the  carbonaceous  deposits. 

If  this  be  supposed,  for  the  moment,  a  correct  view,  we  could 
scarcely  expect  the  same  mineralogical  succession  of  beds  on  the 
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south  as  on  the  north,  inasmuch  as  the  conditions  of  the  sides  of 
the  area  would  be  widely  different.  Tranquillity  would  charac- 
terize the  northern  deposits,  disturbance  from  igneous  causes  the 
southerfL 

The  mass  of  Dartmoor  granite  unfortunately  occurs  where  a 
point  of  great  interest  would  have  to  be  determined.  Near  Ta- 
vistock the  connexion  of  the  carbonaceous  beds  and  the  mass  of 
non-carbonaceous  slates  and  sandstones  on  the  south  becomes  ex- 
tfemely  equivocal,  so  that  in  the  vicinity  of  the  town  it  would  be 
difficult  to  say  if  there  was  not  a  tendency  of  the  carbonaceous 
series  to  pass  under  the  rocks  to  the  south  of  them. 

After  passing  round  the  granite  of  Dartmoor  we  arrive  a1  the 
carbonaceous  beds  associated  with  trap  near  Bridford,  Cnstow, 
and  Doddiscombleigh.  If  we  consider  these  beds  a  continuation  of 
those  of  Heathfield,  Brentor,  Cock's  Tor,  and  other  places  near 
Tavistock,  partly  shoved  northward,  and  partly  broken  through 
by  the  granite  at  the  time  of  its  protrusion,  we  have  the  lower  beds 
of  the  carbonaceous  series  as  they  are  exhibited  in  that  locality. 
Tbis  would  make  the  beds  of  an  anticlinal  line  from  Dartmoor 
to  Exeter  nearly  the  lowest  in  the  series.  Supposing  this  correct, 
the  &11  of  this  line  would  bring  in  the  higher  beds  of  the  same 
series,  and  we  might  expect  to  discover  rocks  resting  upon  them 
on  the  south  if  a  general  dip  of  beds  continued  in  that  direction. 
If  the  beds  of  the  calciferous  country  on  the  south  rest,  as  they 
appear  to  do,  on  the  carbonaceous  series  from  Buckfastleigh  by 
Ashburton  to  Bickington,  then  they  are  rocks  higher  in  the  genera'l 
series  than  the  carbonaceous  deposits  extending  to  North  Devon. 

If  this  view  be  taken  it  maybe  asked  why  a  continuation  of  the 
carbonaceous  series  is  not  clearly  found  on  the  west  of  Dartmoor 
supporting  the  Plymouth  range  of  rocks.  It  must  be  confessed 
that  this  is  a  question  not  easily  answered  unless  we  suppose  that 
the  carbonaceous  series  was  beginning  only  to  mantle  round  older 
rocks,  where  interrupted  by  the  granite  of  Dartmoor,  near  Ta- 
vistock, and  that  these  older  rocks  were  so  situated  as  to  be  un- 
covered by  carbonaceous  beds  in  the  direction  of  Plymouth,  so 
that,  when  the  calciferous  system  of  Ashburton  and  Buckfasitleigh 
was  deposited,  it  passed  round  and  rested  upon  these  older  rock's 
in  the  same  manner  as  the  green  sand  extends  over  the  area  occu- 
pied by  the  wealden  rocks,  and  overlaps  in  succession  the  oolitic 
and  r«d  sandstone  series,  the  beds  of  which,  during  the  epoch  of 
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the  wealdan  deposits^  were  not  so  situated  as  to  be  covered  by 
.them« 

When  we  have  to  consider  carbonaceous  deposits^  principally 
characterised  by  the  presence  of  terrestrial  plants^  or  beds>  such 
as  we  suppose  the  wealden  rocks  to  have  been^  we  have  to  regard 
theni  as  due  to  particular  conditions,  different  from  those  under 
which  great  marine  deposits  were  effected  at  the  same  periods. 
We  view  such  deposits  as  of  a  local  kind,  forming  irregularly- 
distributed  local  patches  amid  the  general  sedimentary  aocumu- 
lations  of  their  epochs.  We  consider  a  change  of  conditions, 
perhaps  a  difference  in  the  relative  levels  of  sea  and  land^  neces- 
sary to  allow  a  larger  area  to  be  covered  by  marine  detrital 
deposits  (such  as  that  occupied  by  the  cretaceous  series  of  Eng- 
land), a  small  portion  of  which  was  alone  previously  in  a  condition 
to  be  so  covered,  and  that  only  in  a  manner  which  may  lead  us  to 
infer  the  near  presence  of  land  or  the  bounding  shores  of  an 
estuary  or  of  lakes  (such  as  we  infer  has  been  the  case  with  the 
wealden  rocks). 

Let  us  suppose  the  carbonaceous  deposits  of  Devon  to  have  been 
bounded  on  the  west  by  rocks  not  under  conditions  to  be  covered 
by  them,  the  relative  general  levels  of  the  older  slates  and  grits 
and  of  the  carbonaceous  series  to  have  been  somewhat  as  at  present, 
and  that  a  change  of  conditions  so  altered  the  character  of  the  'sedi- 
mentary deposits,  that,  from  being  characterised  by  the  abundant 
presence  of  carbon  and  terrestrial  plants,  they  were  no  longer  so 
characterised,  but  bore  evidence  of  having  been  accumulated  over 
marine  shells  and  amid  coral  reefs.  We  can  readily  conceive  that 
these  older  rocks  may  have  been  relatively  so  lowered  respecting 
the  level  of  the  sea,  as  we  consider  may  have  been  the  case  with  the 
red  sandstone  and  oolitic  groups  of  Devon  and  Dorset  at  the  time 
of  their  overlap  by  the  green  sand,  that  the  newer  beds  should 
overlap  the  older  slate  rocks  of  Devon  in  a  manner  to  be  scarcely 
separable  from  them,  and  that  fine  lines  of  demarcation  could  not 
be  drawn  between  the  Plymouth  range  of  slates,  sandstones,  and 
limestones,  and  the  older  rocks  between  them  and  South  Petherwin. 

Let  us  suppose  also  that,  while  the  carbonaceous  series  was  begin- 
ning to  mantle  round  the  older  rocks  near  Tavistock,  deposits  were 
effected  in  the  direction  of  Callington  and  Liskeard  under  different 
.conditions  from  those  on  the  north  of  Tavistock ;  that,  in  fact, 
instead  of  an  estuary  or  confined  basin,  open  sea  occurred  after 
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foandiiig  this  point.  Under  these  conditions  we  could  scarcely 
expect  to  obtain  the  same  carbonaceous  deposits,  and  we  might, 
therefore^  have  in  that  direction  accumulations  of  sands,  silt, 
and  mud,  very  differently  characterised  from  those  thrown  down 
in  the  estuary  or  basin.  If  the  slope  of  the  older  rocks  round 
which  thb  differently-characterised^  but  contemporaneous,  deposit 
mantled  was  southward,  there  would  be  great  difficulty  in  distin- 
guishing it  from  the  rocks  on  which  it  rested  to  the  westward, 
and  thus  we  might  have,  in  the  direction  of  Cornwall,  slates  and 
sandstones  very  similar  to  those  above  and  beneath,  occupying  an 
intermediate  position  between  ihe  Plymouth  range  of  rocks  and 
older  beds  on  the  northward.  Whether  this  hypothesis  be  tenable 
or  not  as  regards  the  area  under  consideration,  if  we  consider 
deposits  to  have  been  effected  in  estuaries,  there  must  always 
have  been  contemporaneous  deposits  out  of  the  estuaries  in  the 
adjoining  open  sea>  which  would  be  very  differently  characterised, 
particularly  by  organic  remains,  from  those  effected  at  the  same 
time  in  them. 

Tlie  general  character  of  the  great  carbonaceous  deposit  of 
Devon  and  the  adjacent  part  of  Cornwall  is  that  of  drifted  matter, 
vegetable  remains  included.  In  this  respect  it  appears  unlike  tlie 
coal  deposit  of  Northumberland  and  Durham,  of  which  a  valuable 
general  sketch  is  given  in  the  ''  Fossil  Flora  of  Great  Britain,*"*' 
and  much,  aiid  as  it  appears  to  us,  good  evidence  adduced  to  show 
the  probable  growth  of  the  principal  mass  of  entombed  plants  in 
the  localities  where  they  are  now  found,  a  character  probably  also 
common  to  the  South  Wales  coal-measures.f  The  irregular 
manner  in  which  the  anthracite  near  Bideford  and  along  the  same 
geological  line  (p.  125,  fig.  14)  is  mingled  with  the  shales,  seems 
very  diaracteristic  of  drifted  vegetable  matter  entangled  amid 
mud.  Broktti  pieces  of  plants  are  frequently  distributed  among 
the  sandstones  and  shales  of  the  series,  the  fragments  sometimes 
thickly  accumulated,  at  others  occurring  far  apart,  indicative  of 

•  VbLiL    Prefaoe. 

f  Mr.  Logan  has  lately  diacoverod  Bome  beautiful  examples  of  upright  Sigillaiiai 
finrmg  through  thete  coal-measures  in  u  deep  valley  at  Melin-glyn-Uech  near  Capel. 
Caelbrea,  branching  from  the  higher  part  uf  the  Swansea  Valley.  Four  stems,  one 
«f  wliich  is  two  feet  in  diameter,  and  one  thirteen  feet  and  a  half  high,  are  exposed  to 
open  dsy  near  the  milL  By  clearing  away  the  shale  which  enveloped  two  of  them, 
ve  iband  that  they  had  grown  from  that  which  now  forms  a  bed  of  coal.  They  seem 
to  coostitute  a  portion  of  a  subterraneous  forest  of  the  epoch  of  <he  lower  part  of  the 
South  Wales  coal-measures. 
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an  irregular  mode  of  drift.  We  should  hence  infer  a  transporter 
plants  and  their  fragments  into  a  lake  or  estuary  by  means  of 
rivers  traversing  the  adjoining  land,  and  not  first  a  growth  of 
plants  over  a  flat,  a  sinking  of  that  flat  from  physical  causes,  and 
a  subsequent  accumulation  of  detritus  upon  it,  permitting  another 
growth  of  vegetation,  followed  by  another  depression  of  land 
beneath  water,  and  so  on  irregularly,  precisely  as  we  find  many  of 
those  vegetable  accumulations  termed  submarine  forests,  liow 
covered  by  mud,  silt,  or  sand,  and  a  vegetation  upon  the  latter; 
sometimes  not  much  difl^ering  from  that  entombed  beneath  it.* 

We  have  now  to  notice  the  carbonaceous  deposits  occurring  at 
Ugbrooke  Park,  Hestow,  Kingsteignton,  and  between  East  Ogwell 
and  Abbots  Kerswell.  If  these  be  contemporaneous  with  those 
above  noticed,  and  the  rocks  they  rest  upon  be  higher  in  the 
general  series  than  the  Barnstaple  calciferous  slates  and  grits,  the 
view  above  taken  of  the  relative  age  of  the  ^eat  carbonaceous 
series  of  Devon  must  be  abandoned,  and  its  passage  into  the  north 
Devon  grauwacke,  its  intermixture  with  the  older  slates  near 
Tavistock,  and  its  apparent  dip  beneath  the  calciferous  band  of 
Buckfastleigh,  Ashburton,  and  Bickington,  be  considered  fiiUa- 
cious.  If  the  rocks  these  beds  rest  upon  be  of  equal  or  of  greater 
age  than  the  Barnstaple  deposits,  we  should  then  have  to  consider 
that  beds  which  passed  into  the  latter  on  the  north  overlapped 
rocks  unconformably  on  the  south,  the  respective  floors  on  which 
the  sedimentary  matter  was  thrown  down  having  been  under  dif- 
ferent conditions  during  the  general  deposit,  the  northern  boundary 
having  remained  quiet  while  the  southern  was  convulsed  by  vol- 
canic action,  which  threw  the  older  beds  into  positions  that  ren- 

*  The  opinion  that  the  yegetaiion  entombed  in  the  coal-meatures  has  chiefly 
grown  iu  the  localities  where  we  nuw  find  it  seems  gradually  hecoming  more 
prevalent.  M.  Adulphe  Brongniart,  after  alluding  to  the  opinion  advauced  by 
De  Liic,  and  which  he  also  had  long  supported,  that  the  coal-measures  were  formed 
in  the  same  manner  ax  the  great  peat  deposits  of  the  present  day  (due  reference  being 
made  to  the  difierences  which  the  nature  of  the  Tegetation  would  then  cause,  and 
other  necessary  conditionv),  states  that  his  later  studies  of  coal  deposits  aud  peat 
districts,  and  the  examioation  of  the  plants  they  contain  and  their  mode  of  oc«' 
currence,  have  only  tended  to  confirm  him  in  his  first  opinions.  (Considte.tions 
sur  la  Nature  des  V6g6tauz  qui  ont  convert  la  surface  de  la  Terse,  1838,  p.  6.)  It 
has  alwajTS  appeared  to  us  difficult  to  account  for  many  of  the  phenomena  connected 
with  the  plants  in  the  coal.measures  and  some  other  roclu,  without  the  supposition 
of  successive  depressions  of  the  land  on  which  the  vegetation  grew. — Geological 
Manual,  3rd  edit.,  p.  408  ;  and,  Researches  in  Theoretical  Geology,  p.  320. 
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dered  any  deposit  upon  them  unconformable^  though  such  deposits 
may  have  been  merely  interrupted  by  the  time  occupied  by  the 
rolcanic  action.  In  this  case  we  should  have  only  to  consider  the 
apparent  dip  of  the  carbonaceous  beds  from  Bickington  to  Buck- 
fastleigb  as  fallacious. 

It  has  been  previously  stated  (p.  Ill)  that  the  carbonaceous 
beds  of  Ugbrooke  Park>  &c.,  are  frequently  coarse  grained,  and 
that  the  conglomerates  contain  portions  of  marked  rocks  of  the 
great  carbonaceous  series  on  the  north.  They  rest  clearly  upon 
the  limestones  of  Chudleigh  and  Ogwell,  which  would  not  have 
precisely  the  same  age  if  the  former  be  a  continuation  of  the 
Bickington  band,  as  there  is  an  intermediate  mass  of  slate  ranging 
between  that  band  and  the  Ogwell  beds.  Supposing  the  lime- 
stones somewhat  different  in  age,  these  carbonaceous  deposits 
would  have  an  overlapping  character,  and  may,  therefore,  as  well 
overlap  the  carbonaceous  rocks  on  the  north  as  any  other  beds, 
and  there  would  be  great  difficulty  in  separating  the  two,  as  there 
is  sometimes  in  separating  the  red  sandstones  termed  old  and 
new,  when  the  nodneral  character  of  both  is,  as  sometimes  occurs, 
not  very  distinct,  and  unconformable  position  not  very  apparent. 
Now,  if  we  take  the  general  dip  of  the  beds  near  Chudleigh,  one 
series  of  earbonaceous  rocks  seems  to  pass  under  the  Chudleigh 
limestones  (pi.  4,  fig.  7)t  while  another  rests  upon  them,  and  the 
upper  overlaps  the  end  of  these  limestones  near  Lower  Herkley, 
passing  on  and  either  overlapping  a  higher  portion  of  the  great 
carbonaceous  series  of  the  north  near  Chudleigh  Bridge,  or 
merging  into  it  and  forming  the  upper  part  of  its  beds. 

The  apparent  dip  of  the  carbonaceous  beds  beneath  the 
Chudleigh  limestones  would,  if  the  Ugbrooke  beds  merge  into 
those  on  the  north,  be  fallacious,  and  these  limestones  may 
merdy  have  been  ridges  upon  which  this  part  of  the  general  car- 
bonaceous series  was  deposited,  the  lower  part  of  the  great  carbo- 
oaceoos  system  having  furnished  fragments  which,  being  rounded 
by  attrition,  then  formed- a  portion  of  the  upper  part,  in  the  same 
manner  that  any  lower  beds  of  a  general  series  may  furnish 
materials  for  upper  deposits.  Whatever  view  be  taken  of  this 
wbject,  the  range  of  the  Chudleigh  beds  and  the  apparent  dip 
of  carbonaceous  rocks  beneath  them,  and  the  course  and  an- 
thracitic  character  of  the  Buckfastleigh  and  Ashburton  band  with 
a  similar  apparent  dip,  however  fallacious  these  dips  may  be,  aie 
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circumstances  well  worthy  of  attention,  more  particularly  when  we 
regard  the  general  Ime  of  the  two  limestones  (supposing  them  to 
be  continuous  portions  of  each  other),  conformably  to  the  line  of 
the  Dartmoor  granite  on  the  north-west. 

On  the  south  of  the  great  mass  of  the  carbonaceous  series  of 
Devon,  and  supporting  those  coarser  deposits  we  have  last  no- 
ticed as  occurring  at  Ugbrooke  Park,  Kingsteignton,  and  between 
East  Ogwell  and  King's  Kerswell,  we  find  the  band  of  calciferous 
country  which  has  been  shown  to  extend  from  the  district  of  Ash- 
burton,  Newton  Bushell,  and  Torbay  by  Plymouth,  the  Looes, 
Fowey,  the  vicinity  of  St.  Austell,  Gorran  Haven,  and  Veryan 
to  Porthalla,  in  the  Lizard  district.  It  is  covered  in  the  South 
Hams  of  Devon  by  arenaceous  beds,  separating  it  from  a  mass 
of  red  and  grey  argillaceous  slates  that  seems  to  repose  upon  the 
mica  slate  and  chloritic  series  of  the  district,  whidi  extends  from 
the  Bolt  Tail  to  the  Start  Point. 

This  band  of  deposits  is  highly  calcareous  at  its  eastern  ex- 
tremity before  it  becomes  covered  by  the  mantle  of  red  sandstone 
and  conglomerates  that  bounds  it  in  that  direction.  Though 
limestone  patches  keep  up  the  calciferous  character  of  the  band 
between  the  Dart  and  the  Yealm,  it  is  chiefly  between  the  latter 
and  the  Tamar  that  the  limestones  are  again  somewhat  abund- 
ant. After  passing  the  Tamar  calcareous  matter  becomes  more 
scarce,  and  is  only  occasionally  in  sufficient  quantity  to  form 
limestones. 

The  limestones  of  the  Torquay  and  Newton  Bushell  district 
are  marked  by  the  presence  of  organic  remains  which  closely 
approach,  if  they  be  not  varieties  of,  certain  fossils  detected  in 
the  limestone  to  which  the  name  carboniferous  has  been  of  late 
so  exclusively  given.  Similar  fossils,  though  in  less  numbers, 
are  found  in  the  limestone  of  Plymouth.  Organic  remains  of  the 
like  character  have  not  as  yet  been  discovered  in  the  continuation 
of  the  same  line  of  rocks  in  Cornwall,  and  very  rarely  in  the  range 
of  rocks  intermediate  between  the  Plymouth  hmestones  and  those 
of  Newton  Bushell  and  Torquay.  Now,  assuming  it  to  be  true, 
as  we  consider  it  to  be,  that  the  band  of  rocks  we  have  endea- 
voured to  trace  from  the  Newton  Bushell  and  Torbay  district  to 
the  Lizard  district  is  one  geologically  continuous  and  contempo* 
raneous,  we  have  what  was  once  mud,  silt,  sand,  and  calcareous 
matter  variously  intermingled  with  each  other,  carbonate  of  lime 
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somewhat  predominating  on  the  east^  sparingly  occurring  after- 
Trards  to  the  westward,  though  somewhat  more  abundant  near 
Yealmpton  and  Plymouth,  and  finally  constituting  a  very  subor- 
dinate part  of  the  series  in  its  range  on  the  south  of  Cornwall. 

Now,  if  we  couple  conditions  favourable  to  the  existence  of 
molluscous  and  conchiferous  creatures  and  comls  with  the  pro- 
duction of  limestones,  as  seems  justifiable  from  geological  facts, 
the  district  of  Newton  Bushell,  Totnes,  and  Torbay,  and  that  of 
Yealmpton  and  Plymouth,  would  appear  to  have  been  more  fa- 
vourable for  the  existence  of  such  animal  life  than  those  parts  of 
the  range  of  the  general  series  in  which  limestones  are  either 
sparingly  developed  or  altogether  absent.  When  we  come  to 
examine  the  localities  where  the  limestones  are  more  prevalent, 
we  are  forcibly  struck  with  the  abundance  of  corals  found  and 
the  large  proportion  they  bear  to  the  masses  of  limestones,  more 
particularly  apparent  in  those  places  where  the  limestones  are 
employed  for  marbles.  To  those  who  have  seen  coral  reefs,  and 
remarked  the  manner  in  which  the  organic  structure  of  the  ori 
ginal  architects  of  such  masses  is  sometimes  obliterated  and  at 
others  preserved,  and  the  mode  in  which  the  shells  of  molluscs 
and  conchifers  are  intermingled  and  bound  up  with  the  calcareous 
whole,  the  limestones  of  the  eastern  part  of  this  range  of  deposits 
oflTer  very  striking  analogies.  We  have  often  merely  to  suppose 
an  absence  of  cleavage  and  joints,  and  a  change  of  colour  from 
grey  to  white,  to  have  something  very  like  a  raised  coral  reef 
before  us.  The  bedding  is  the  chief  difference :  one,  however, 
not  altc^ether  absent  in  coral  reefs ;  for  we  have  observed  traces 
of  it  in  the  raised  coral  reef  which  skirts  a  large  portion  of  Ja- 
maica. 

Mr.  S.  Stutchbury,  in  his  excellent  paper  on  the  Formation 
and  Growth  of  Coral  Ree&  and  Islands,'^  in  accounting  for  the 
production  of  the  compact  parts  of  a  coral  reef,  '^  as  dense  as  any 
limestone  rock,"  suggests  that,  when  the  coral  animals  die,  the 
ammal  matter  decomposes,  and  that  the  carbonate  of  lime  forming 
the  solid  part  of  the  coral  is  taken  up  and  held  in  solution,  be- 
coming again  precipitated  upon  shells,  corals,  fish,  &c. ;  so  that 
eventually  the  mass  "  closely  resembles  the  limestones  in  which 
the  fossil  remains  of  corals,  shells,  &c.  are  so  often  found ;  ce- 
mented," as  Mr.  Stutchbury  believes,  "  by  a  paste  composed  of  the 
*  The  West  of  England  Journal  of  Science  and  Literature,  p.  45,  See, 
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lime  derived  from  their  congeners.'**  To  take  up  the  carbonate 
of  lime  of  the  corals,  water  charged  with  carbonic  acid,  derived 
from  the  decomposition  of  the  animal  matter  of  the  corals,  would, 
we  should  suppose,  be  not  unfrequently  present  among  the  nume- 
rous interstices  of  a  coral  reef,  other  dead  creatures  adding  to  the 
free  carbonic  acid  in  situations  where  the  latter  could  not  escape 
upwards  to  the  surface.  To  deposit  the  carbonate  of  lime  thus 
supposed  to  be  held  in  solution,  it  would  be  merely  requisite 
that  the  water  containing  it  should  be  placed  under  circumstances 
where  the  free  carbonic  acid  would  escaped—circumstances  not 
difficult  to  conceive  in  the  tidal  seas  of  a  hot  climate. 

Mr.  Stutchbury  remarks  that  among  coral  islands  "  it  is  not 
uncommon  to  see  extensive  beds  or  strata  of  particular  species  of 
shells  deposited  along  the  shores  in  the  most  regular  order,  with 
comparatively  little  or  no  admixture  of  other  substances ;"  and 
he  states  that  at  Bow  Island,  in  the  Pacific,  he  has  observed 
"  beds  of  Cardium  fragum,  from  six  to  eight  feet  thick,  and 
more  than  two  miles  in  extent,  without  even  the  broken  portion 
of  any  other  shells  being  deposited  in  the  same  stratum."!  When 
we  take  these  and  all  the  other  facts  connected  with  coral  reefe 
and  islands  into  consideration,  we  find  so  many  points  of  analogy 
between  them  and  the  kind  of  limestones  under  conaideratioD, 
that  we  are  led  to  conclude  they  must  have  had  a  somewhat 
common  origin.  And  it  should  be  recollected  that  the  limestones 
of  South  Devon,  if  we  suppose  a  large  proporticm  of  them  to  have 
been  coral  reefs,  would  collectively  form  a  group  exceedingly  in- 
significant when  compared  with  the  coral  reefs  and  islands  which 
■occur  in  so  many  parts  of  the  world  at  the  present  day.  Mr. 
Austen  has  been  so  struck  with  the  resemblance  of  the  Dartington 
band  of  limestone  to  a  coral  reef^  that  he  considers  it  to  have 
been  a  coral  reef  encircling  a  bank,  thus  accounting  for  its 
otherwise  singular  shape.;]; 

The  sudden  manner  in  which  some  of  these  limestones  ter- 
minate, and  the  apparent  prolongation  of  the  line  of  strike  by 
means  of  slates,  remind  us  of  a  coral  reef  against  which  mud 
has  been  drifted  or  quietly  accumulated.  We  can  readily  ima- 
gine that  for  a  time  conditions  were  fevourable  to  these  coral 
reefe,  and  that  subsequently  the  increase  of  mud  around  them 
gradually  retarded  their  progress,  and  that  finally  they  became 
♦  Wett  of  England  Journal,  p.  50.  f  lb.,  p.  47.  I  Austen,  MS. 
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90  overwhelmed  by  it  or  drifted  sand  as  to  be  included  in  a  body 
of  transported  detritus.  Creatures  may  readily  have  flourished 
amid  the  coral  reefs  which  were  unable  to  do  so^  from  their 
habits^  when  the  whole  area  became  covered  by  mud  or  fine 
sand ;  and  we  should  expect  that  this  would  be  more  especially 
the  case  with  those  kinds  which  delighted  in  rocky  places. 

Hence,  if  we  found  shells  in  argillaceous  slates  in  the  line  of 
strike  with  these  limestones  not  observed  in  the  latter^  or  species 
among  the  limestones  not  discovered  in  the  slates^  we  should 
merely  detect  the  remains  of  creatures  which  had  different  habits 
in  their  respective  habitats,  it  being  assumed  that  the  remains 
have  not  been  drifted  from  other  localities.  When  we  cease  to 
find  certain  shells,  supposed  to  be  analogous  to  some  charac- 
teristic of  the  carboniferous  or  mountain  limestone,  in  the  slates 
on  the  line  of  general  strike  of  the  Newton  Bushell  and  Torquay 
limestones,  or  in  that  of  the  Plymouth  limestones,  we  seem  to 
see  that  the  creatures  of  which  these  shells  are  the  remains  could 
live  consistendy  with  their  habits  amid  the  corals  and  calcareous 
masses  in  the  one  locality,  while  the  mud  and  sand  of  the  other 
placesi,  then  forming  the  floor  of  the  waters  in  which  they  existed, 
were  not  miited  to  them.  Among  the  slates  of  Whitesand  Bay, 
near  Plymouth,  we  appear  not  to  find  the  marked  shells  and 
corals  of  the  limestones  at  the  latter  place,  merely  because  con« 
ditions  were  not  suited  to  their  existence.  When  more  attention 
becomes  paid  to  the  physical  conditions  under  which  different 
parts  of  those  masses  which  we  suppose  to  have  been  geologi- 
cally contemporaneous,  and  group  for  convenience  under  some 
given  name,  have  been  placed,  and  organic  remains  be  studied 
in  connexion  with  such  varied  conditions,  general  views  may 
perhaps  be  obtained  of  the  kind  of  seas  and  shores  in  and  on 
which  large  detritel  masses  have  been  accumulated. 

If  we  suppose  the  band  of  rocks  under  consideration  to  be  above 
the  great  carbonaceous  system  of  Devon,  and  that  this  rests  in 
its  turn  upon  the  Barnstaple  grauwacke,  the  calciferous  band 
extending  from  Torbay,  &c.  into  South  Cornwall  would  be  a 
higher  part  of  the  grauwacke  series,  and  might  be  even  equi- 
vaipnt  to  the  beds  known  as  the  old  red  sandstone  ;*  for  we  are 

*  We  see  no  advantage  in  teparatiog  the  beds  termed  old  red  sandstone  from 
the  grauwacke  group  except  for  local  purposes,  as  we  employ  the  term  green-sand. 
In  ilM  distnct  under  coosideration  we  have  examples  of  great  accumulatioos  of 
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not  to  suppose  that  over  even  the  western  European  area  the 
sandstones  so  named  are  always  red,  or  that  equivalents  of  then* 
may  not  be  argillaceous  slates  and  large  masses  of  compact  lime- 
stones. Dismissing,  however,  any  supposed  evidence  of  the  car- 
bonaceous rocks  (that  is,  the  great  North  Devon  mass,  and  not 
the  patches  of  Ugbrooke  Park,  Kingsteignton,  and  Ogwell,  which 
clearly  rest  upon  them)  dipping  beneath  the  calciferous  country 
of  Newton  Bushell,  &c.,  and  considering  such  carbonaceous  rocks, 
for  the  sake  of  illustration,  as  altogether  more  modern  than  any 
grauwacke  rocks  or  old  red  sandstone,  those  who  rely  very  exclu- 
sively on  the  character  of  organic  remains  would  probably  feel 
disposed  to  consider  the  Torbay  and  Plymouth  beds  as  equiva- 
lent to  some  such  rock  as  the  old  red  sandstone. 

We  do  not  pretend  to  enter  into  the  question  of  what  a  species 
may  be,,  or  how  far  local  causes  may  produce  modifications  in  the 
calcareous  parts  of  shells  or  corals,  parts  from  which  fossil  species 
are  necessarily  determined,  but  the  near  approach  of  many  shells, 
and  we  understand  that  Mr.  Austen  has  obtained  far  more  ^an 
we  have  enumerated  (p.  76),  to  species  detected  in  the  car- 
boniferous limestone,  is  certainly  a  remarkable  fact.  It  may  be 
asked,  if  the  carbonaceous  deposits,  or  at  least  those  which  are 
found  between  Ogwell  and  King's  Kerswell,  &c.,  be  equivalent  to 
true  coal-measures,  why  true  carboniferous  limestone  may  not  be 
found  in  the  district  also.  It  must  be  confessed  that  if  such  did 
occur  it  would  be  no  easy  matter  to  separate  it  from  the  other 
limestones,  so  covered  up  are  parts  of  the  country  by  (new)  red 
sandstone  and  conglomerate,  and  so  broken  and  disturbed  has 
it  been.  However  this  view  might  apply  to  the  Torbay  district, 
the  Plymouth  limestones  are  certainly  not  so  situated,  so  that,  if 
the  latter  contain  shells  analogous  to  those  found  in  true  car- 
boniferous limestone,  as  it  has  been  supposed  they  do,  the  case, 
as  regards  the  occurrence  of  these  fossils  in  a  rock  which  can 

red  laiuliitones  much  older  thftu  the  old  red  sanditone*  It  would  wem  desirable 
that  thii  name  and  that  of  new  red  sandstone  should  be  removed  from  n^lo^ical 
numenclature.  When  they  were  first  employed  there  were  supposed  to  be  only 
two  great  masses  of  red  sandstone,  to  one  of  which  the  term  new  was  applied  and 
to  the  other  that  of  old.  Now  that  we  are  becoming  acquainted  with  larger  por- 
tions of  the  eiith's  surface,  and  are  aware  that  there  are  many  red  sandstones  newer 
than  the  new  red  sandstone,  and  many  older  than  the  old  red  sandtttone,  it  seems 
time  to  change  them  for  others.  Mr.  C0U3  beare  has  suggested  the  name  P^iciHiic 
for  the  new  red  sandstone  group. 
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scarcely  be  regarded  as  carboniferous  limestone,  unless,  indeed, 
the  argillaceous  slates  and  sandstones  above  them  be  considered 
as  non-carbonaceous  equivalents  of  the  coal-measures,  remains 
the  same. 

Now  when  we  turn  our  attention  to  the  area  upon  which  the 
behef  has  been  founded  that  we  cannot  expect  to  detect  animal 
forms  in  the  grauwacke,  even  in  the  higher  part  of  that  group, 
analogous  to  forms  in  the  true  carboniferous  or  mountain  lime- 
stone, we  find  it  of  comparatively  small  extent ;  and  we  are  led 
to  inquire  if  too  much  stress  has  not  been  laid  upon  the  evi* 
denee  afforded  by  this  somewhat  limited  area,  let  that  evidence 
be  as  dear  as  can  be  desired.  When  we  see  that  constant  and 
beautiful  adaptation  of  animal  and  vegetable  life  to  physical  con- 
ditioi»  everywhere  exhibited  around  us,  we  infer  a  change  of 
physical  ocmditions  when  a  change  of  such  life  takes  place  over 
a  given  area. 

If  we  imagine  a  cooling  globe,  its  earlier  habitable  conditions, 
judging,  at  least,  fix)m  the  kind  of  life  now  known  to  us,  would 
be  fiivourable  to  considerable  uniformity  of  marine  creatures,  re- 
feieooe  being  made  to  equal  depth  of  water,  and  consequent  pro- 
portion of  light,  temperature,  and  pressure,  and  to  the  kinds  of 
bottom  inhabited,  whether  rocky,  sandy,  or  muddy.  There  would 
be,  however^  important  modifications  of  equal  general  conditions 
as  to  temperature ;  and  when  to  these  we  add  the  different  con- 
ditions under  which  animals  requiring  light  would  be  placed  at 
the  poles  and  the  equator^  the  necessity  of  dry  land  to  afibrd 
the  terrestrial  vegetation  then  entombed,  and  the  consequent 
probability  of  coasts  unequally  exposed  to  the  action  of  tides 
and  winds,  the  chances  of  estuaries,  and  of  salt  and  fresh  water 
lakes,  we  have  the  elements  of  very  important  physical  dif- 
ferences, and  could  scarcely  expect,  though  animal  and  ve« 
getable  life  may  have  had  a  common  general  character,  that 
it  would  not  be  composed  of  parts  modified  to  suit  these 
various  conditions.  One  condition  may  have  prevailed  in  one 
area,  another  in  one  adjoining  it,  so  that  a  mass  of  coral  reefs 
aod  islands  in  one  locality  might  be  tenanted  by  creatures 
the  larger  part  of  which  did  not  exist  in  a  great  tract  of  sandy 
and  muddy  bottom  adjoining  it.  Physical  changes  may  sub- 
sequently have  caused  the  coral  district  to  be  overwhelmed 
by  deposits  of  mud  and  sand,   while   the  sandy   and    muddy 
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bottom  became  in  a  condition  to  be  covered  by  corals.  The 
creatures .  entombed  in  the  two  adjoining  districts  might  there- 
fore be  so  in  a  different  order  within  a  given  geological 
epoch,  the  remains  of  the  coral-frequenting  animals  being 
lowest  in  the  one  and  highest  in  the  other,  and  so  also  with  the 
mud  and  sand-loving  creatures.  Admitting  a  general  change  of 
animal  life  from  the  earliest  periods  when  the  earth  was  habitable 
to  the  present  time,  such  changes  as  these  during  those  minor 
periods,  which  we  term,  for  convenience,  geological  epochs,  must 
be  expected.* 

Having  previously  noticed  the  run  of  some  of  the  minor  divi- 
sions of  the  grauwacke  of  Sotith  Devon  and  Cornwall,  we  shall 
merely  here  remark  on  the  difficulty  of  identifying  this  mass  with 
the  grauiyacke  of  North  Devon.  The  chief  difference  between 
them  is  the  intermixture  of  trappean  rocks,  a  large  proportion  of 
which  appears  contemporaneous,  employing  the  terra  in  an  ex- 
tended geological  sense,  in  the  former,  while  they  are  absent  in 
the  latter.  Here  and  there  in  South  Devon  and  Cornwall  minor 
areas  may  be  without  these  trappean  rocks,  as,  for  example, 
between  Polperro,  Fowey,  and  St.  Neots,  and  between  St  Columb 
Major  and  Padstow ;  but,  as  a  whole,  the  slates  and  sandstones 
are  intermingled  with  the  trappean  rocks  in  a  way  to  show  that 
there  must  have  been  considerable  igneous  action,  during  which 

*  We  can  readily  ut.derstand  that  a  gradual  change  in  the  saline  or  other  con- 
tents of  the  sea,  from  the  earliest  habitable  periods  of  our  planet  to  the  present  times. 
If  ould  be  productive  of  a  series  of  conditions  gradually  destructive  of  the  animals 
originally  created  to  accord  with  the  earlier  habitable  state  of  the  earth,  and  that,  in 
conformity  with  the  design  everywhere  manifested,  new  animals  would  be  created  to 
accord  with  the  new  conditions  as  they  gradually  appeared.  If  we  suppose  some 
great  change  in  this  respect,  and  couple  it  with  a  cooling  globe,  we  have  two  import- 
ant causes  for  a  gradual  chang^e  in  marine  animal  life.  If  we  adopt  the  theory  of  a 
cooling  globe,  and  a  gradual  change  from  a  general  and  equal  external  temperature 
to  the  present  state  of  the  earth's  surface  imder  the  influence  of  the  sun,  thei«  must 
have  been  a  time  when  the  whole  surface  was  under  the  present  temperature  of  the 
tropics.  Now  this  temperature  would  last  to  the  preaent  day  in  the  tropics,  whik 
the  surface  of  the  globe  would  gradually  become  colder  towards  the  poles,  until  it 
arrived  at  the  state  we  now  find  it.  If  no  change  in  the  saline  contentM  of  the  sea 
took  place  in  the  latter  period,  there  seems  no  physical  reason,  all  other  things  being 
equal,  why  the  marine  creatures  in  the  tropics  should  not  have  continued  the  same 
during  this  lapse  of  time,  while  those  in  the  colder  regions  became  gradually  extinct, 
to  be  replaced  by  new  creations.  Hence  rocks  formed  in  the  tropics  may,  during  aU 
this  time,  have  entombed  the  remeuns  of  similar  animals,  while  the  deposits  in  the 
colder  regk>ns  would  have  enveloped  the  exuviae  of  creatures  exhibiting  a  gradual 
change,  and  be  different  from  those  entombed  in  the  tropics. 
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ashes,  and  vesicular  lavas,  showing  little  pressure,  were  ^ected, 
contemporaneously  with  the  deposit  of  slates  and  sandstones,  along 
a  line  extending  from  the  east  of  Dartmoor  nearly  to  the  Land's 
End.  Even  supposing  that  the  grauwacke  of  North  and  South 
Devon  may  have  been  contemporaneously  produced  in  part,  if  not 
as  a  whole,  these  igneous  conditions  on  the  south  are  sufficient  to 
account  for  great  differences  in  general  physical  structure.  No 
trace  is  found  in  the  north  of  such  coarse  conglomerates  as  those 
of  Menaccan  and  the  Nare  Point  near  St.  Anthony,  of  the  Nare 
Head  near  Veryan,  or  of  those  of  Carhayes  Cove.  These  con- 
glomerates mark  a  power  to  grind  the  large  masses  into  rounded 
boulders  and  minor  pebbles,  of  which  we  find  no  trace  on  the 
north.  Being  assodated  with  trappean  matter,  and  even  hard 
igneous  rocks,  we  can  imagine  great  local  disturbance  from  igneous 
action,  throwing  bodies  of  water  into  local  agitation  sufficient 
to  produce  these  conglomerates,  a  mass  of  ash  being  showered 
among  the  agitated  waters  during  the  explosions,  thus  forming 
the  trappean  portion  of  the  cementing  matter.  The  conglomerates 
hafe  not  much  the  character  of  old  beaches  piled  upon  the  coasts 
of  those  ancient  seas  in  which  the  mud,  silt,  and  sand  associated 
with  them  were  drifted. 

It  would  be  premature,  before  the  organic*  remains  found  in 
the  grauwacke  of  the  district  shall  have  been  examined  with  that 
attention  they  will  probably  soon  receive,  to  generalize  on  this 
subject;  but  it  may  be  remarked  that,  while  marine  remains 
analogous  to  those  in  the  carboniferous  or  mountain  limestone 
have  not  been  detected  in  any  bed  beneath  the  carbonaceous  series 
in  North  Devon,  we  find  a  Melama  and  Naiica^  analogous  to  AT. 
sulculosa  and  N.  ampliata  (Phillips),  Spirifer<B,  analogous  to 
Sp.  attenuata  (Sow.),  and  Sp.  oblata^  and  a  Producta,  analogous 
to  P.  rarispina  (Phillips),  shells  usually  detected  in  the  true 
carboniferous  limestone,  in  the  Petherwin  beds,  which  are  con- 
tinued into  Cornwall,  appearing  at  Padstow,  Lower  St.  Columb 
Forth,  and  New  Quay.  The  shells  resembling  those  in  the  true 
carboniferous  limestone  are  more  numerous  in  the  Newton  Busbell 
and  Torquay  district,  and  in  the  Plymouth  limestones.  This  may 
be  merely  due  to  the  greater  development  of  the  limestones,  in  those 
localities,  or,  in  other  words,  the  conditions  for  the  existence  of 
particular  creatures  have  been  more  favourable  in  those  localities. 
When  we  leave  the  Petherwin  limestones,  and  follow  the  run  of 
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rocks  of  which  they  form  a  part  westward^  we  in  like  manner 
seem  to  quit  the  conditions  which  have  been  favourable  to  the  ex- 
istence of  the  CfymeniiB,  Goniatiies,  Melcmits,  Natica,  SpirifenE, 
Product€Bf  &c. :  a  few  crinoidal  sterns^  and  a  corals  which  appears 
not  to  have  been  attached  by  a  calcareous  foot  to  the  rocks  of  its 
habitat,  being  the  chief  organic  remains  which  have  yet  been 
detected  in  that  direction. 

Judging,  therefore,  from  the  localities  where  conditions  for  the 
existence  for  numerous  creatures,  supposed  marine,  were  most 
favourable  in  North  Devon  and  West  Somerset,  and  in  South 
Devon  and  Cornwall,  there  is  little  organic  correspondence 
between  the  deposits  on  the  north  and  south  of  the  great  car* 
bonaceous  series.  If  these  rocks  be  considered  of  the  same 
relative  geological  age,  the  conditions  for  the  existence  of  animal 
life  have  been  very  different  in  these  two  portions  of  the  district 
at  the  same  time,  while,  if  there  has  been  a  general  change  in  the 
kind  of  animal  life  which  has  existed  in  the  north  and  south 
portions  of  the  area  during  the  deposit  of  these  sedimentary  rocks 
in  it,  we  should  consider  the  southern  rocks  to  have  been  last 
formed,  inasmuch  as  the  animal  life  entombed  in  them  more  re- 
sembles, as  a  whole,  that  which  we  find  in  the  carboniferous  lime- 
stone of  a  large  portion  of  England  and  Ireland. 

The  great  carbonaceous  series  certainly  seems  to  rest  upon  beds 
containing  a  few  of  these  kinds  of  fossils  near  South  Petherwin, 
while  it  has  more  the  appearance  of  dipping  beneath  rocks  con- 
taining them  iar  moro  abundantly  in  the  Ogwell,  Torbay,  and 
Ashburton  districts.  If  we  even  imagine,  for  the  sake  of  iUus- 
tration,  that  the  latter  appearance  is  fallacious,  and  that  the 
carbonaceous  beds  all  belong  to  one  epoch,  so  as  to  include  the 
carbonaceous  deposits  between  Ogwell  and  King's  Kerswell,  at 
Ugbrooke  Park,  &c.,  in  one  great  series,  still  the  general  re- 
semblance of  so  many  shells,  supposing  even  that  they  are  not 
varieties  of  species  detected  in  the  true  carboniferous  limestone, 
but  distinct,  though  closely-approximating  species,  the  presence 
of  these  forms  where  limestones  are  abundant  in  the  southern 
rocks,  their  disappearance,  or  at  least  rarity,  where  calcareous 
matter  becomes  comparatively  scarce  in  the  same  subordinate 
groups,  the  occurrence  of  at  least  some  of  these  forms  in  the 
southern  rocks  when  calcareous  matter  is  somewhat  abundant 
adjoining,  if  they  be  not  connected  with,  the  carbonaceous  deposits. 
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the  presence  of  anthracite' in  some  of  these  limestones^  and  the  ab- 
sence, or  at  least  scarcity  of  these  forms>  where  the  carbonaceous 
series  seems  to  graduate  into  the  northern  rocks,  are  all  points  of 
great  interest  when  we  study  the  probable  physical  conditions  under 
which  animal  life  may  have  existed  at  a  given  geological  epoch. 
Eren  if  we  ocmsider  the  mass  of  the  carbonaceous  rocks  to  be  of 
intermediate  deposit  between  the  undisputed  grauwacke  of  North 
Devon  and  a  portion  of  the  South  Devon  beds,  the  resemblance 
ofiurganic  forms  detected  under  certain  conditions  in  the  latter 
to  those  of  shells  found  in  the  true  carboniferous  limestone  in 
other  parts  of  England,  the  disappearance,  or,  at  least,  great 
scarcity,  not  only  of  these  forms,  but  of  organic  remains  at  all,  in 
the  prolongation  of  the  subordinate  groups  of  the  southern  rocks 
of  Devon  to  the  westward,  and  the  occurrence  of  some  of  these 
forms  in  beds  which  certainly  support  the  carbonaceous  series 
near  South  Petherwin,  are  all  points  of  considerable  interest  con- 
nected with  the  distribution  of  animal  life  according  to  physical 
conditions. 
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CHAPTER  VI. 

GRANITE   AND   ELVAN. 

A  GLANCE  at  the  iudex  map  (plate  I.)  will  show  six  principal 
masses  of  granite^  including  that  of  the  SciUy  Islands,  occurring 
in  the  district,  while  smaller  patches  of  the  same  rocks  are  found 
in  several  localities,  as  at  St.  Michael's  Mount,  Tregonning  and 
Godolphin  Hills,  Cam  Brea  and  Cam  Marth  (near  Redruth), 
Cligga  Point  (near  St.  Agnes),  Castle  an  Dinas  and  Belovely 
Beacon  (near  St.  Columb  Major  and  Roche),  Kit  Hill  and 
Kingston  Down  (near  Callington),  and  at  Lundy  Island  in  the 
Bristol  Channel.  A  substance  so  remarkable  and  so  easily  dis- 
tinguished as  granite,  was  not  likely  to  escape  the  earliest  geolo- 
gical researches  in  Cornwall  and  Devon,  and  accordingly,  in  the 
oldest  works  which  in  any  way  relate  to  the  physical  structure  of 
the  country,  we  find  notices  of  this  rock.  The  isolated  character 
of  the  principal  masses  is  pointed  out  in  Mr.  William  Smith's 
Geological  Map  of  England  and  Wales  (1815),  and  in  more 
detail  in  Mr.  Grenough's  Geological  Map  of  England  and  Wales 
(1819).  A  very  good  map  of  the  area  occupied  by  the  Land's 
End  granite,  with  an  account  of  the  general  mineralogical  struc- 
ture of  that  mass,  was  published  by  Dr.  Forl^es  in  1822,*  and  the 
granite  portions  of  Cornwall  were  pointed  out  by  Dr.  Boase  in 
1832,f  in  the  map  which  accompanied  his  Contributions  towards 
a  Knowledge  of  the  Geology  of  Cornwall.  Mr.  Came  gave  a 
detailed  description  of  the  Land's  End  granite  in  1827,  and  Dr. 
Boase  published  detailed  accounts  aud  general  views  of  the  Cornish 
granites  in  18321  and  1836.  § 

Taken  as  a  whole,  the  range  of  the  principal  masses  of  granite, 
including  Dartmoor  and  the  Scilly  Islands,  is  about  east  24® 

*  Trans.  Geol.  Soc.  of  Corawall,  yol.  il  p.  248,  pi.  6.     The  paper  was  read  iu 
1819. 

j  Jbid,  Tol.  iv.  pL  2.        ;  Jbid.  vol.  iv.        §  Primary  Geology,  p.  15 — 23. 
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north,  and  west  24^  souths  and  the  composition  of  the  rock^ 
though  subject  to  minor  variations^  very  generally  the  same^  being 
commonly  a  mixture  of  quartz,  mica^  and  felspar^  the  latter  not 
unfrequently  prevalent^  and  often  occurring  in  crystals,  usually 
large,  in  the  more  common  aggregate  of  the  three  minerals,  thus 
rendering  the  granite  porphyritic.  Schorl  is  also  so  frequently 
found  in  it  that  it  may,  as  has  been  remarked  by  Dr.  Boase,  be 
considered  to  characterise  a  large  portion  of  it.  This  character 
is,  however,  chiefly  exhibited  at  the  confines  of  the  various  masses. 

The  smaller  exposed  bodies  of  granite,  if  we  except  those  of 
Cligga  Point  and  Lundy  Island,  may  be  regarded  as  mere  out- 
standing patches  of  the  nearest  principal  masses,  or  as  forming 
connecting  links  between  them.  Thus,  the  granite  patches  of  St. 
MichaeVs  Mount,  and  Tregonning  and  Godolphin  Hills,  may 
be  consid^^  as  connecting  links  between  the  granite  bosses  of 
the  Land's  End  and  Cam  Menelez  districts,  while  the  granites  of 
Cam  Brea  and  Cam  Marth  seem  outstanding  portions  of  the 
latter  district,  a  comparatively  slender  covering  of  slate  converting 
tbem  into  insular  patches.  In  like  manner  the  granites  of  Kit 
Hill  and  Hingston  Down  appear  to  form  connecting  links  between 
the  Brown  Willy  and  Dartmoor  districts,  and  the  granitic  island 
of  Hemerdon  Ball,  an  outstanding  patch  on  the  south  of  the 
latter. 

The  granite  of  Dartmoor  is,  as  a  whole,  a  coarse-grained  mix- 
ture of  quartz,  felspar,  and  mica,  the  latter  sometimes  white,  at 
others  black,  the  two  micas  occasionally  occurring  in  the  same 
mass.  It  is  very  frequently  porphyritic  from  the  presence  of 
large  crystals  of  felspar,  and  here  and  there  schorlaceous,  but  the 
Utter  character  is  chiefly  confined  to  the  outskirts  where  the 
Dartmoor  granite  adjoins  the  slates.  How  far  those  portions  of 
schorlaceous  granite,  which  are  discovered  more  in  the  interior, 
may  also  have  formed  the  outside  of  the  protruded  mass,  it  would 
be  difficult  to  say,  as  we  can  form  no  opinion  as  to  the  amount  of 
superincumbent  matter  which  may  have  been  removed  by  denuding 
causes  mnce  the  granite  was  first  erupted.  Tlie  schorl  not  unfre- 
quently occurs  in  radiating  nests  of  variable  size  and  abundance. 
A  eomplete  passage  may  generally  be  traced  between  the  com- 
poiind  of  schorl  and  quartz,  usually  termed  schorl  rock,  and  the 
ordiBary  granite.  The  mica  usually  disappears  as  the  schorl 
begins  to  be  abundant,  but  sometimes,  though  not  very  commonly 
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beyond  limited  areas^  the  granite  rock  is  a  mixture  of  mica,  schorl, 
felspar,  and  quartz,  in  nearly  equal  proportions.  After  the  absence 
of  mica,  the  next  mineral  which  commonly  disappears  is  the  fel* 
spar,  leaving  the  compound  a  mixture  of  sdiorl  and  quartz,  the 
former  sometimes  occurring  in  radiating  nests  in  the  latter,  but 
more  commonly  the  two  minerals  form  an  aggregate  in  nearly 
equal  proportions. 

Good  examples  of  nests  of  schorl  radiating  among  quartz  may 
be  seen  in  the  blocks  of  schorl  rock  above  Bowdley,  near  Ash- 
burton.  Schorl  rocks  are  found  at  Holne  Lee  and  at  various 
other  places  on  the  eastern  side  of  the  moor.  The  granite  on  the 
west  of  Buckfastleigh  frequently  contains  small  nests  of  schorl, 
which  often  increase  in  abundance  until  finally  this  mineral  with 
quartz  constitutes  schorl  rock  towards  the  adjoining  slates.  Schorl 
Tock  containing  large  crystals  of  felspar  occurs  under  Ugbcwouj^ 
Beacon.  Schorlaceous  granite  and  schorl  rock  may  also  be  often 
seen  on  the  south  of  Dartmoor.  We  observed  the  following  not 
very  common  mode  of  the  occurrence  of  schorl  among  the  granite 
in  a  block  (fig.  15)  near  Blatchford,  Cornwood,  brought  down  from 

Fig.  15. 


2  feet. 


schorlaceous  granite  in  the  adjoining  moor:  a  is  a  cavity  not 
quite  filled  by  numerous  long  crystals  of  schorl  crossing  in  many 
oblique  directions,  with  a  general  tendency  towards  the  interior ; 
6  is  a  zone  of  schorl  and  quartz,  the  latter  predominating ;  c  black 
compact  schorl  rock,  and  d  light  flesh-coloured  granite,  the  fel- 
spar predominating.  Some  very  interesting  mixtures  of  schorl, 
felspar,  and  quartz,  may  also  be  observed  on  the  western  side  of 
Dartmoor,  more  particularly  near  Tavistock.  Even  the  com- 
pounds of  quartz,  felspar,  and  mica  would  seem  more  variable 
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towards  the  outskirts  of  the  mass  than  in  the  interior,  and  schorla- 
ceous  Teins  and  veins  of  finer  granite  appear  more  frequent  under 
such  circumstances. 

The  granite  of  the  Brown  Willy  district  is  very  similar  to  that 
of  Dartmoor,  its  principal  mass  being  a  mixture  of  quartz,  felspar, 
and  the  two  micas  above  noticed,  and  being  frequently  porphyritic 
from  the  occurrence  of  large  crystals  of  felspar  disseminated 
through  this  aggregate.  As  a  whole,  it  is  not  particularly  schorla- 
ceous^  though  here  and  there  schorl  may  be  discovered  in  small 
crystals  in  the  mass.  It  appears  chiefly  so  towards  the  south. 
Hear  St.  Cleer,  as  has  been  noticed  by  Dr.  Boase,  there  are  some 
interesting  schorlaceous  rocks  composed  of  quartz,  schorl,  mica, 
and  felspar.* 

The  granitic  district  of  Hensborough  or  St.  Austell  is  far  more 
Tariahle,  and  considerably  more  schorlaceous  than  those  of  Brown 
Willy  and  Dartmoor.  On  the  eastern  part  of  this  mass  we  find 
granite  differing  little  from  that  forming  the  chief  part  of  those 
districts,  the  mineral  composition  being  nearly  the  same,  and  the 
poiphyritic  character  frequent ;  but  on  the  west  the  mica  becomes 
scarce  and  often  absent,  replaced  by  a  steatitic  or  talcose  mineral, 
and  schorL  Dr.  Boase,  who  has  given  a  very  excellent  account 
of  this  granite,  considers  that  schorl  is  '^  not  entirely  wanting  in 
any  part  of  the  mass,  though  in  some  of  the  hard  crystalline 
rarieties  it  is  in  very  minute  quantities,*'  and  notices  the  occa- 
flioDal  substitution  of  this  mineral  for  mica,  and  that  it  appears 
to  become  gradually  more  abundant  towards  the  confines  of  the 
granite,  f 

Schorlaceous  veins  are  abundant  in  the  St.  Austell  granite, 
more  particularly  among  the  western  and  central  portions,  which 
are  also  remarkable  for  their  liability  to  decomposition — a  de- 
composition extending  to  very  variable  depths  in  different  localties, 
but  often  so  considerable  as  to  embarrass  mining  operations,  from 
the  difficulty  of  keeping  up  the  sides  of  the  shafts  and  galleries. 
The  great  proportion  of  the  western  part  of  the  district,  studded 
with  china-clay  works,  is  composed  of  this  kind  of  granite.  In 
many  places  the  felspar  of  this  variety  is  only  partially  decom- 
posed, and  the  rock  is  employed  for  economic  purposes  when 
schorl  is  absent  from  the  mixture  of  quartz,  steatite,  or  talc,  and 

*  Traof .  Gi'ol.  Soc.  of  Cornwall,  yol.  it.  p.  209. 
t  ibid,  Tol.  iv.  p.  240. 
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of  partly-decomposed  felspar^  of  which  it  is  otherwise  formed ;  but 
it  is  carefully  rejected,  as  Dr.  Boase  has  observed,  when  that 
mineral  is  present. 

This  decomposed  and  semi-decomposed  granite  is  extremely 
schorlaceous  on  its  confines,  adjoining  the  slates,  from  St.  Me- 
wan*s  Beacon,  by  Step-aside,  Calliquoiter  Rock,  and  St.  Dennis, 
to  Roche,  certain  elongated  stripes  proceeding  from  the  mass  into 
the  slates,  being  composed  of  complete  schorl  rock,  mixtures  of 
schorl  and  quartz ;  as  at  the  stripes  extending  from  Watch  Hill  to 
Long  Lane,  the  two  on  the  north  and  south  of  Burthy  Row,  near 
St  Enoder,  and  the  long-celebrated  Roche  Rock,  at  Roche;  all 
of  which  have  a  common  general  character.  In  places,  as  near 
Meladore,  the  schorl  rock  (schorl  and  quartz)  contains  large 
crystals  of  felspar,  some  of  which  have  been  decomposed^  and  the 
cavity  partly  filled  by  schorl.  At  Calliquoiter  Rock  there  are 
variable  mixtures  of  schorl,  with  quartz,  felspar,  and  mica,  the 
compound  nearest  the  slate  country  being  an  aggregate  of  schorl 
and  quartz.  The  granite  of  St.  Dennis  Hill  is  a  compound  of 
quartz,  schorl,  felspar,  and  mica,  and  a  variety  is  found  composed 
of  a  large  proportion  of  the  latter  mineral.  A  remarkable  and 
oflen  thick  vein  of  dark  mica  traverses  the  granite  of  St.  Dennis 
Down. 

The  Carn  M enelez  granite  more  approaches  the  general  cha- 
racter of  that  of  Brown  Willy  and  Dartmoor,  as  has  been  noticed 
by  Dr.  Boase.*  Schorl  is  far  from  abundant  in  it,  though  it 
sometimes  occurs,  especially  on  the  confines  of  the  mass,  and  then 
very  commonly  in  veins.  This  granite  is  occasionally  porphy- 
rilic,  from  the  presence  of  separate  felspar  crystals.  In  the  neigh- 
bourhood of  Mabe  and  Constantino  it  is  of  a  very  beautiful  grain, 
in  consequence  of  which  large  quantities  of  it  are  exported. 

The  granite  of  the  Land's  End  district  contains  much  schorl, 
the  common  compound  of  quartz,  felspar,  and  mica,  often  por- 
phyritic,  beings  however,  sufficiently  abundant.  On  the  eastern 
side  of  Trecobben  Hill,  and  at  Laity,  near  Lelant,  there  are  some 
good  examples  of  schorlaceous  granite  and  schorl  rock,  as  also  on 
the  skirts  of  the  mass  on  the  westward  of  Penzance.  Schorl  rock  is 
likewise  well  exposed  in  Penledeen  Cove,  near  Cape  Cornwall.  A 
very  beautiful  variety  of  schorl  rock,  composed  of  a  base  of  schorl 
and  quartz,  containing  large  crystals  of  felspar^  is  seen  on  the  skirts 
*  Trans.  Geol.  Society,  Corawall>  vol.  iv.  p.  290. 
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of  the  granitic  mass  close  to  Trevalgan^  near  St.  Ives.  In  some 
parts  of  it  the  felspar  crystals  have  been  removed  by  decom- 
position^ and  the  cavities  filled  by  crystals  of  schorl^  crossing  each 
other  in  various  directions.  In  such  cases  the  schorl  rock  base 
adjoining  these  refilled,  or  nearly  refilled^  cavities  contains  less 
schorl  than  around  the  crystals  of  felspar  wliich  have  not  been 
decomposed.  A  granite  composed  of  felspar^  quartz,  schorl^  and 
an  abundance  of  mica,  occurs  at  Tregender^  near  Ludgvan. 
Radiated  nests  of  schorl  in  the  granite  are  common  in  many 
places  where  that  mineral  is  abundant^  the  largest  which  we  have 
seen  being  in  the  vicinity  of  Wicca  Cove,  near  Zennor.  Numerous 
schorlaceous  veins  are  found  in  this  granite,  and  are  generally  well 
exhibited  on  the  coasts ;  some,  several  inches  in  thickness,  are 
composed  of  little  else  than  crystals  of  schorl,  radiating  from 
diflferent  centres,  and  crossing  or  pressing  against  each  other :  of 
this  kind  some  good  examples  are  seen  at  Trevalgan,  near  St. 
Ives,  and  at  Rosemergy,  near  Morvab.  Schorl  may  be  observed 
between  and  approaching  the  joints  of  the  granite  in  many  places, 
a  fact  well  exhibited  between  Casde  Trereen  (long  known  for  its 
Logan  stone)  and  Pedn-mean-anmear.  Much  pinite  is  mingled 
with  the  granite  near  the  Land's  End. 

The  granite  of  the  Scilly  Islands  is  usually  a  somewhat  coarse 
compound  of  quartz,  felspar,  and  mica,  both  dark-coloured  and 
silvery,  and  a  finer-grained  granite  is  not  unfrequendy  detected  in 
it  in  the  form  of  veins.  Schorl  appears  rare :  a  rock,  however, 
formed  of  quartz,  felspar,  mica,  and  schorl,  occurs  above  St 
Af  artin's  Bay^  in  St.  Martin's. 

Regarding  the  smaller  patches,  the  granite  of  Kingston  Down 
and  Kit  Hill  is  much  like  that  of  the  two  masses  between  which 
it  is  situated.  Schorlaceous  veins  occur  on  Kit  Hill.  The 
granite  of  Belovely  Beacon,  between  Roche  and  St.  Wenn,  par- 
takes of  the  character  of  the  Hensborough  mass  on  its  southern 
side,  graduating  into  schorl  rock  on  the  north.  Northward  from  this 
hill,  and  extending  from  Small  Money,  on  the  west,  to  the  brook 
above  the  place  marked  MiU  on  the  Ordnance  map,  there  is  an 
elongated  patch  of  schorl  rock,  composed  of  a  base  of  nearly  equal 
pans  of  schorl  and  quartz,  with  larger  detached  portions  of  the 
latter,  a  variety  which  may  occasionally  be  seen  among  the  schorl 
rocks  of  Cornwall  and  Devon.  The  small  portion  of  granite  exposed 
upon  the  adjoining  hill  of  Castle-an-Dinas  is  not  generally  large 
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graine<f.     From  the  fi*aginent8  scattered  about,  schorlaceous  rocks 
are  probably  concealed  beneath  the  turf  on  this  hill. 

The  granite  of  Cligga  Point,  which  has  been  found  by  mining 
operations  to  abut  against  the  slate  on  the  east  in  the  manner  d* 
a  dyke>  is  chiefly  composed  of  quartz,  light-coloured  felspar,  and 
black  mica,  with  disseminated  crystals  of  roseate  and  white 
felspar.  Though  much  of  this  granite  is  sufficiently  hard  to  be 
worked  for  economic  purposes,  many  portions  are  considerably 
decomposed  and  worn  away  by  the  action  of  the  sea. 

On  the  west  side  of  St.  Agnes  Beacon  there  is  a  patch  of  granitic 
rock,  which  we  have  not  o3}served  elsewhere  in  the  district  In  the 
northern  part  of  it  we  find  a  mottled  base  of  quartz  and  felspar, 
containing  large  crystals  of  flesh-coloured  felspar  and  semi- 
crystallized  quartz,  a  compound  that  becomes,  on  the  south,  a 
fine-gredned  mixture  of  mica,  quartz,  and  felspar,  with  numerous 
semi-formed  crystals  of  quartz,  which  give  a  very  quartzose  cha- 
racter to  the  body  of  the  rock :  the  whole  has  been  much  tra- 
versed by  small  veins  and  strings  of  the  black  oxide  of  tin,  which 
have  been  worked  out.  The  granite  of  the  outstanding  patches 
of  Cam  Marth  and  Cam  Brea,  near  Redmth,  resembles  that  of 
the  adjoining  mass  of  Carn  Menelez.  A  compound  of  schorl, 
quartz,  and  a  little  felspar  is  found  on  the  skirt  of  the  Carn 
Marth  granite,  near  St.  Day. 

The  granite  extending  from  Trewarvas  Head  to  Godolphin 
Hill  is  of  a  somewhat  variable  character.  On  the  coast,  more  par- 
ticularly where  the  granite  adjoins  the  slate,  a  general  compound 
of  quartz,  felspar,  and  a  talcose  mineral,  with  occasional  specks  of 
mica,  is  often  marked  by  lines  of  felspar  crystals,  these  lines 
varying  from  one  to  several  inches  in  thickness.  At  Tregonning 
Hill  we  find  a  mixture  resembling  the  China-stone  of  St.  StejJiien's, 
some  of  it  being  sufficiently  decomposed  to  be  worked  for  China- 
clay.  The  granite  of  Godolphin  Hill  forms  another  variety,  part 
of  it  differing  somewhat  from  the  common  Cornish  granite,  as 
Dr.  Bbase  obserA^es*,  in  having  a  base  of  felspar,  in  which  white 
crystals  of  felspar,  nodules  of  clear  quartz,  and  black  mica,  are 
thickly  embedded :  schorlaceous  veins  are  common  in  it. 

The  granite  of  St,  Michael's  Mount  is  generally  fine  grained, 
and  a  compound  of  felspar  and  quartz,  with  a  somewhat  small 
proportion  of  mica. 

*  Trans.  Cteol.  Sodefy  of  Cornwall,  vol.  iv.  p.  349. 
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A  very  general  structure  prevails  throughout  these  granites,  and 
is  more  particularly  observable  in  the  larger  masses.  This 
stnicture  consists  in  a  division  of  the  granite  into  portions  re- 
sembling beds,  which  form  tabular  sheets  of  matter  in  the  central 
parts  of  the  masses,  when  they  are  extensive,  the  edges  bending 
beneath  the  adjoining  schistose  rocks,  and  conforming  to  the 
surface  of  the  junction  between  them.  The  whole,  therefore,  has 
the  general  character  of  a  stratified  mass,  one  which  we  have 
endeavoured  to  represent  in  the  sections,  where  they  pass  through 
granite  (fh  2,  figs.  1,  2,  3,  4,  5,  6,  and  7 ;  and  pi.  4,  figs.  5  and 
6).  As  we  have  had  occasion  some  time  since  to  observe,  this 
tendency  to  be  divided  or  cleave  in  a  stratiform  manner  is  highly 
deceptive,  and  has  probably  given  rise  to  the  opinion,  so  frequently 
expressed  at  one  time,  diat  granite  was  stratified*.  Though 
often  continuous  for  long  distances,  this  stratiform  cleavage  is 
in  some  places  extremely  imperfect,  as  represented  in  the  annexed 
sketch,  fig.  16;  a  common  appearance  in  several  of  the  frontier 

Fig.  16. 


tors  of  Dartmoor.  There  are  few  ravines  or  coast  sections  of 
the  granite  at  its  junction  with  the  slate,  through  which  it  has 
been  protruded,  in  which  this  tendency  to  divide  into  stratiform 
bodies  is  not  observable.  Dr.  Boase  has  noticed  this  structure 
in  the  Cornish  granites;  and  has  observed  that,  wherever  the 
granite  "  is  exposed  by  quarries  on  the  sides  of  hills,  near  the 
junction  with  slate  (as  at  Kit  Hill,  and  in  the  parishes  of  Mabe 
and  Constantine),  the  surface  of  the  rock  has  not  only  a  rounded 
form,  but  is  also  traversed  superficially  by  curved  fissures  or 
jointtf;' 

Tins  variety  of  cleavage  may  be  regarded  as  a  kind  of  thick 
laminated  structure  pervading  the  masses  on  the  large  scale,  pro- 
bably agreeing  in  form  with  that  of  their  original  surfaces  after 
protrusion.     In  the  entrance  to  a  quarry  of  very  hard  granite, 

*  ReMMudiM  in  Theoretical  Geology  (1834%  p.  103. 
t  Treatise  on  Primary  Geology  (1834),  p.  96. 
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worked  in  Hingston  Down,  near  some  cottages  on  the  road  from 
Gunislake  to  Callington,  alternations  of  a  decomposed  and  hard 
granite  are  observed,  constituting  stratiform  bodies,  which  seem  to 
coincide  with  the  dip  of  the  granite  beneath  the  adjoining  slate. 
This  difference  of  original  structure  may  be  due  to  a  tendency  of 
the  whole  to  arrange  itself  in  false  beds  coinciding  with  the  surface 
of  the  erupted  mass.      At  Cligga  Point,  however,  we  observe 

Fig.  17. 


similar  alternations  of  hard  and  decomposed  granite,  represented 
above  (fig.  17),  which  seem  to  run  at  right  angles  to  the  bearing  of 
the  patch  of  granite  which  there  occurs,  as  far,  at  least,  as  can  be 
determined  from  the  natural  sections  presented.  The  alternations 
of  schorl  rock  and  granite,  forming  stratiform  bodies  of  marked 
dark  and  light-coloured  rocks,  observable  in  a  cutting  on  the  south 
of  Carglaze  tin-mine,  near  St.  Austell,  seem  an  arrangement  of 
parts  according  to  diiFerent  affinities  in  force  during  the  cooling 
of  the  whole  mass  after  protrusion. 

It  is  the  intersection  of  the  more  or  less  perpendicular  joints  or 
divisional  planes,  to  be  noticed  hereafter^  with  this  stratiform 
structure  in  the  Cornish  and  Devon  granite  which  gives  it  the 
appearance  of  being  composed  of  a  multitudeof  rectangular  blocks, 
block  being  piled  upon  block,,  so  that  in  good  exposures,  as  on  the 
sea-coast  of  the  Land's  End  district,  the  cliffs  seem  almost  arti- 
ficial. The  massive  quadrangular  columns  thus  formed  on  this 
coast  are  very  striking ;  and  many  of  the  best  localities  for  ob- 
serving them  have  been  noticed  by  Mr.  Carne,  who  particularly 
points  out  the  small  promontory  of  Chair  Ledder  as  a  good 
example  of  the  prismatic  and  cubical  forms  united*.  The  granite 
at  Pardenick  Point,  and  some  other  places  near  the  Land^s  End, 
bears  a  great  resemblance  in  form  to  a  collection  of  huge  basaltic 
colunms. 

As  the  principal  granitic  bosses  range  in  the  direction  above 

*  On  the  grauite  of  the  western  part  of  Cornwall.      Trans.  GeoL  Society  of 
Cornwall,  vol.  iii  p.  209. 
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nodced  from  the  Scilly  Islands  to  Dartmoor^  we  are  led  to  infer 
either  that  the  force  which  threw  them  up  acted  with  greater 
intensity  on  that  line,  more  especially  upon  points  in  it,  or  that 
the  resistance  of  the  crust  of  previously -existing  rocks  was  less  in 
that  direction  than  in  other  parts  of  a  wider  area,  supposing  the 
whole  exposed  to  a  common  force  acting  upwards  at  the  same 
time.  Hiat  the  various  slates,  sandstones,  calcareous  and  trappean 
rocks,  which  at  present  bound  these  granite  bosses  and  smaller 
patdies,  existed  prior  to  the  intrusion  of  the  granite  is  shown  by 
the  displacement  of  these  rocks  by  the  latter,  by  the  mode  in 
which  minor  groups  of  them  are  sometimes  cut  off  by  it  on  the 
line  of  strike,  and  by  the  granitic  matter  which  has  been  driven 
from  the  bodies  of  it  into  cracks  and  fissures  formed  in  these  ad* 
joining  rocks. 

From  their  general  mode  of  occurrence  few  geologists  would 
probably  think  of  separating  the  chief  granitic  masses  from  each 
other  as  regards  geological  age.  Now  the  intrusion  of  the 
Dartmoor  mass  was  certainly  after  the  deposit  of  the  carbonaceous 
series  of  North  Devon,  be  the  age  of  that  series  what  it  may :  it 
thrusts  the  southern  portion  of  this  series  northwards  to  Oke- 
hampton,  cuts  off  the  ends  of  trappean  bands  and  of  associated 
beds  of  grit  and  shale  near  Cristow  and  Bridford,  and  sends  veins 
into  it  in  the  valley  of  the  Dart,  at  the  junction  of  the  two  masses 
of  rock.  In  the  valley  of  the  Erme,  near  Ivy  Bridge,  the  gra- 
nite of  Dartmoor  sends  veins  into  the  calciferous  and  fossiliferous 
band  of  country  which  ranges  from  Ashburton  and  Newton 
Bushell  to  Plymouth  and  the  Tamar,  apparently,  also,  displacing 
and  cutting  off  some  of  the  beds. 

Hie  Brown  Willy  granite  shoves  the  calcareo-trappean  and 
ibssiliferous  country  of  South  Petherwinand  Padstow  to  the  north- 
ward at  Tintagel,  veins  proceeding  from  the  mass  of  granite,  across. 
some  subjacent  beds,  almost  up  to  this  system  at  Blisland  and  near 
St  Mabyn*  The  Hensborough  or  St  Austell  granite  has  partly 
been  thrust  up  through  beds  above  the  fossiliferous  rocks  of  Fowey 
and  Looe,  which  are  somewhat  lower  in  the  series  than  the 
Plymouth  limestones,  and  partly  through  rocks  continued  from 
beds  associated  with  the  fossiliferous  coimtry  of  St.  Columb  Minor 
and  New  Quay,  sending  veins  into  the  latter  near  Roche*.     The 

*  Beanti&l  veiiw  of  granite  in  slate  were  found  in  the  working!  of  Roche  Rock 
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Cam  Menelez  granite  has  been  protruded  through  beds,  some  of 
which  appear  to  be  higher  in  the  general  series  than  the  fossili- 
ferous  rocks  of  New  Quay  and  Lower  St.  Columb  Forth,  and 
veins  proceed  from  it  near  Constantine*  into  beds  associated  with 
the  run  of  rocks  which  traverse  Falmouth  Harbour,  and  undoubt- 
edly belong  to  part  of  the  great  grauwacke  series  ranging  to  the 
eastward.  Fine  examples  of  granite  veins  cut  through  beds,  on 
the  east  of  Trewarvas  Head,  of  about  the  same  age  as  those 
traversed  by  similar  veins  near  Constantine;  and  the  granite  of 
the  Land's  End  has  been  thrust  up  through  the  grauwacke  beds 
which  range  down  from  Penhallow  Downs,  Redruth,  and  Cam- 
borne, sending  numerous  veins  into  them  in  various  localities, 
which  are  chiefly  observable  where  its  junction  with  the  slate  is 
well  exposed  on  the  sea-clifl&.  The  rocks  traversed  by  granite 
veins  at  St  MichaeFs  Mount  seem  part  of  the  same  subordinate 
series. 

As  a  whole,  the  chief  granitic  masses  of  Cornwall  and  Devon 
may  be  considered  to  have  been  protruded  after,  at  least,  the 
deposit  of  the  upper  part  of  the  grauwacke  series^  Indeed,  the 
evidence  of  the  Dartmoor  granite  having  occupied  its  present 
relative  position  anterior  to  the  early  part  of  the  (new)  red  sand- 
stone is  not  always  so  clear  as  could  be  desired ;  for,  among  all 
the  pebbles  of  the  red  conglomerate  extending  from  Torbay  to 
Exeter,  we  have  not  been  able  to  detect  any  portions  of  it,  though 
the  granite  ranges  so  near  that  part  of  the  red  conglomerate.  In 
the  tongue  of  red  sandstone  and  conglomerate  which  runs  from 
Crediton  amid  the  carbonaceous  series  by  North  Tawton  and 
Sampford  Courtney  to  Jacobstow,  we  have,  however,  detected 
pebbles  like  some  varieties  of  Dartmoor  granite.  Moreover,  if 
we  are  to  refer  the  present  bent  and  contorted  conditions  ci  the 
carbonaceous  and  other  slate  rocks  around  Dartmoor  to  the  in- 
trusion of  its  granite,  and  we  find,  as  we  do,  the  red  sandstone 
series  resting  quietly  upon  the  basset  edges  of  these  upturned 
beds,  and  on  their  contortions,  it  would  appear  fair  to  infer  that 
the  Dartmoor  granite  was  formed  anterior  to  the  new  red  sand* 
stone  series.  Those  who  consider  the  great  carbonaceous  series 
of  Devon  as  equivalent  to  the  coal-measures,  will  of  course  refer 
the  intrusion  of  the  Dartmoor  granite  to  an  epoch  posterior  to  the 

*  These  veins,  wbich  occur  near  the  mill  at  Polwheveriil,  and  axe  exknmaly 
iateresting,  were  pointed  out  to  us  by  the  Kev.  Canon  Rogeis. 
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deposit  of  that  rock,  and  even  this  view  may  be  maintained  by 
those  who  only  consider  the  Ugbrooke  beds  equivalent^  or  nearly 
so,  to  the  coal-measures^  overlapping  the  older  carbonaceous  rocks 
near  Chudleigh  Bridge,  for  t^ese  beds  are  tilted  up  as  if  lifted  by 
the  granitic  mass  near  them  on  the  west. 

Asa  whole  also^  the  granitic  masses  have  pierced  through  a  dis- 
trict which  had  previoysly  been  exposed  to  igneous  action,  as 
shown  by  those  trappean  rocks  of  various  kinds  which  we  have 
eonsidwed  to  be  geologically  contemporaneous  with  the  sandstones 
and  slates  among  which  they  occur,  and  by  those  other  trappean 
rocks  that  cut  through  these  sedimentary  beds,  and  of  which  the 
age  is  not  so  determinable,  though  they  must  have  been  erupted 
prior  to  the  granite,  inasmuch  as  the  latter  often  cuts  off  their 
continuity,  and  is  never  traversed  by  them.  We  are  therefore 
led  to  infer  that  this  mixed  igneous  and  sedimentary  range  may 
have  offered  a  line  of  least  resistance  to  a  body  of  granite  im- 
pelled upwrards  by  some  great  force  acting  on  the  area  under 
consideration,  and  to  suspect  that  the  granite  of  the  great  bosses 
has  been  propelled  through  ground  more  especially  weakened, 
peihaps  as  ancient  volcanic  vents.  The  absence  of  granitic 
manBes  in  the  north  of  the  district,  (if  we  except  the  granite  of 
Landy,  the  geological  relations  around  which  are  concealed  by 
the  sea,)  and  the  presence  of  numerous  granitic  masses  and 
dykes^  including  the  el  vans,  that  occur  on  the  south,  where,  alone, 
in  this  district,  trappean  rocks  of  various  kinds  are  both  present 
and  abundant,  would  seem  to  point  to  some  connexion,  with 
regard  to  facilities  of  eruption,  between  these  products,  however 
different  they  may  mineralogically  be,  which  can  scarcely  be 
disregarded. 

We  can  readily  suppose  volcanic  vents,  existing  in  a  general 
line  from  the  Haldon  Hills  to  the  western  part  of  Cornwall,  to 
have  vomited  forth  the  various  hornblendic  and  igneous  prpducts 
we  now  find  intermingled  with  the  consolidated  mud,  silt,  sand, 
and  gravel  of  that  period,  the  line  or  lines  being  due  to  disloca- 
tions and  their  ramifications  among  the  solid  crust  of  the  globe 
cm  whuji  these  igneous  products,  and  their  associated  detrital 
deposits^  were  accumulated.  We  can  also  readily  consider  the 
causes  for  this  minor  igneous  action  to  have  ceased,  and  the 
weakened  crust  to  be  rent  by  one  of  those  great  adjustments  of 


Digitized  by  VjOOQiC 


168 


GRANITE  AND  ELVAN. 


the  solidified  surface  of  the  earth  to  subjacent  hot  fluid  rock, 
which  it  has  been  supposed  would  result  from  the  radiation  of  the 
earth's  original  heat  into  the  surrounding  planetary  space.  We 
can  imagine  that  the  fluid  granite  would  thus  be  squeesed 
through  the  weakened  crusty  more  especially  taking  its  course 
through  the  parts  of  still  less  resistance^  displacing  the  accumu- 
lated^ and  probably  consolidated  mud,  silt^  sand,  and  trappean 
ash  and  lava,  which  had  covered  over  the  general  surface. 

Prom  the  minute  strings  in  which  the  granite  veins  proceeding 
from  the  granites  of  this  district  often  terminate,  we  may  be  led 
to  infer  very  considerable  fluidity  on  the  part  of  the  erupted 
masses  in,  at  least,  many  portions  of  their  confines.  These 
veins  are  frequently  very  tortuous,  cutting  through  the  adjoining 
slate  in  various  directions.  The  annexed  sketch  (plate  5)  will 
afford  a  general  idea  of  the  mode  of  occurrence  of  some  granite 
veins  in  slate  at  Wicca  Cove,  or  Pool,  near  Zennor,  and  the  ac- 
companying sectional  view  (fig.  18)  will  show  the  connexion  of 

Fig  18. 


two  of  these  veins  with  the  main  body  of  granite  behind  the  face 
of  rock  prominently  exposed  in  the  sketch ;  a  a  being  granite 
veins,  b  b  slate,  and  c  c  the  main  mass  of  granite. 

Very  beautiful  veins  are  seen  on  the  opposite  side  of  the  cove 
at  Carnyvarth^  and  at  Porthmear  Cove,  beyond  the  Gurnard's 
Head^  to  the  westward.  They  are  also  seen  at  Pendeen  Cove, 
at  Chycomish  Cam  (Botallack),  at  Cape  Cornwall,  at  Whit- 
sand  Cove  (near  Pedn-maen-du  Point,  Land's  End),  at  Tetterdu 
Pointy  or  the  Bucks,  and  at  Mousehole,  all  around  the  Land's 
End  mass  of  granite,  and  cutting  into  the  slate  rocks  adjoining 
them.  In  some,  as  at  Wicca  Pool,  and  at  Porthmear  (or  Polmear, 
as  it  is  not  unfrequently  called),  included  jwrtions  of  the  slate 
are  caught  up  in  the  veins.     At  Wheal  Providence  mine,  near 


Digitized  by  VjOOQIC 


OITANITB  AND  ELVAK. 


169 


St  Ives^  granite  veins  are  found  in  the  workings,  so  that  the 
whole  mass  seems  to  send  veins  into  the  rocks  around  it,  as  do 
probably  also  most  of  the  granite  masses,  their  appearance  being 
more  common  round  part  of  the  Land*s  End  granite,  merely 
because  conditions  for  the  exposure  of  the  junction  lines  with  the 
adjoining  rocks  are  there  more  favourable ;  a  view  long  since 
taken  by  Mr.  Came*. 

The  granite  veins  of  St  Michaers  Mount,  easily  accessible,  and 
readHy  seen  at  low  tide,  being  clearly  observed  to  proceed  from 
the  main  mass  of  the  granite,  and  to  include  detached  portions  of 
the  slate  into  which  they  penetrate,  while  at  the  same  time  the 
main  mass  of  granite,  the  slate,  and  the  granite  veins  were  cut  by 
veins  of  quartz,  of  mica,  &c.,  a  very  hot  controversy  was,  some 
years  since,  carried  on  upon  the  subject  of  their  relative  anti- 
quity to  the  slate  in  which  they  were  found.  The  following  plan 
(fig.  19)  of  the  contact  of  the  slate  and  granite,  at  a  spot  on  the 


^=z-f- 


Dorth-east  side  of  the  mount,  will   afford  a  view  of  the   more 
massive  junction  of  the  two  rocks,  one  strongly  marking  the  force 

*  Trans.  Geol.  Society  of  0)rnwal),  vol.  ii.  (1822),  p.  76.  Mr.  Came  observes 
tiut,''froiii  the  occunence  of  granite  veins  in  slate ,  wherever  the  junction  of  the 
tvo  rocks  bas  been  discovered  on  the  coast,  and  from  their  probable  existence  in  the 
nines  in  which  both  the  rocks  occur,  it  is  very  likely  that,  if  the  lines  of  their 
junrtaon  could  possibly  be  laid  open  to  view,  g^nite  veins  would  be  seen  traversing 
the  siste  at  almost  every  point.*'     (Ou  the  Veins  of  Cornwall,  read  October,  1818.) 
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with  which  the  granite  has  been  thrust  through  the  previously- 
existing  slate,  the  shaded  part  of  the  plan  representing  the 
latter >*  and  the  dotted  portion  the  granite. 

The  veins  which  seem  to  have  complicated  the  subject,  before 
the  joints  or  divisional  planes  of  rocks  received  attention,  are 
merely  joint,  or  divisional  plane,  fissures,  filled  by  quartz  or 
other  mineral  substances,  which  are  seen  in  the  continuation  of 
the  same,  or  similar  fissures  in  the  mass  of  the  adjoining  granite. 
The  annexed  plan  (fig.  20),  taken  not  far  from  the  last  (fig. 
19),  will  serve  to  illustrate  this  point.     In  it  the  shaded  part  is 

Fig.  20. 


slate,  and  the  granite  veins  are  marked  a,  a  small  portion  of  slate 
included  in  one  of  them,  but  omitted  in  the  plan,  occurring  at  c. 
6  6  is  a  joint  fissure,  with  a  general  direction  about  east  12**  north, 
and  west  12°  south,  traversing  both  granite  veins  and  slate,  the 
amount  of  separation  of  the  joint,  combined  with  the  course  of 
the  veins,  having  produced  the  appearance  of  a  slight  heave  of 
the  rocks  through  which  it  passes,  d  d  is  a  smaller  joint  fissure, 
parallel,  or  nearly  so,  to  the  larger  (6  6),  filled  with  mica  where 
it  traverses  the  slate,  but  containing  more  quartz,  and  being  even 
Altogether  filled  by  that  mineral,  where  the  joint  fissure  traverses 
the  granite  veins. 

The  general  direction  of  the  perpendicular  joints,  or  divisional 
planes,  of  the  granite  of  St.  Michael's  Mount  is  about  east  10^ 

*  It  may,  perhaps,  be  necessary  to  state  that  these  Ihies  do  not  represent  those  of 
lamination,  but  are  simply  intended  to  give  a  distinctive  shading  to  the  slates  in  the 
figure. 
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Dortfa,  and  west  10^  south,  giving  the  western  end  of  the  mass  the 
appearance  of  numerous  vertical  beds  of  granite,  a  character 
which  has  been  noticed  by  Dr.  Forbes*.  The  facts  connected  with 
the  veins  of  St.  Michael's  Mount,  and  which  have  been  considered 
oontradictory,  seem  simply  to  be,  that  the  granite  veins  were  ejected 
into  cracks  of  the  grauwacke  when  this  granite  was  protruded 
through  it,  and  that,  subsequently,  after  an  alteration  of  the 
original  mineral  character  of  the  grauwacke  adjoining  the  granite, 
in  consequence  of  the  new  conditions  to  which  its  particles  were 
then  exposed,  joints  or  divisional  planes  were  formed  through  the 
whole  mass,  as  has  been  a  very  common  case  throughout  Cornwall 
and  DeFon  under  similar  circumstances.  The  partings  of  these 
joints  were  afterwards  filled  by  different  mineral  substances, 
among  which  we  find  quarts,  mica,  oxide  of  tin,  topaz,  &c. 

The  granite  veins  on  the  east  of  Trewarvas  Head  are  re- 
markable for  the  small  angle  they  make  with  the  horizon,  and 
for  the  included  fragments  of  slate  which  they  contain  in  one  or 
two  places.  The  granite  is  of  the  same  kind  as  that  of  the  ad* 
jmimg  mass  from  which  they  proceed.  The  smaller  veins  are,  as 
usual,  of  a  finer  grain,  and  the  central  parts  of  the  larger  more 
crystalline  than  the  sides :  facts  indicative  of  an  arrangement  of 
parts  according  to  the  cooling  conditions  under  which  the  same 
Igneous  compound  has  been  placed. 

Not  only  do  granite  veins  thus  proceed  from  the  masses  into 
the  cracks  formed  in  the  rocks  through  which  they  have  been 
protruded,  as  may  readily  be  expected ;  but  the  granitic  masses 
themselves  are  cut  by  similar  veins,  showing  that,  during  the 
consolidation  of  the  first-erupted  portions,  cracks  were  formed^ 
and  into  these  cracks  melted  granite  was  forced,  in  the  manner  we 
lometimes  see  veins  of  trappean  rock  cutting  through  larger 
maaws.  There  are  very  few  of  the  larger  masses  in  which  these 
wiins  are  not  observable.  They  are  not  unfrequent  in  the  granite 
of  the  Scilly  Islands,  at  Trescow,  Bryers,  St.  Martinis,  St.  Mary's, 
snd  St.  Agnes.  Mr.  Camef ,  and  Messrs.  Oyenhauaen  and  Von 
Decfaenjy  have  noticed  many  veins  of  this  kind  in  the  granite  of 
tbe  Land's  End  district.    The  former  observes  that  their  chief 

*  Teuhl  Geol,  Society  of  Cornwall,  vol.  ii.  p.  370. 
t  Ibid.,  voL  iii.  p.  216. 

t  On  the  jonction  of  the  granite  and  killaa  rocks  of  Cornwall,  Phil.  Mag.,  and 
Aimakof  Philowyphy,  new  series  (1829),  vol.  v.  p.  161, 241. 
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localities  are  at  Tol-Pedn-Penwith,  and  on  the  east  side  of 
Lamoma  Cove.  Similar  veins  occur  in  the  other  masses,  and  are 
not  very  unfrequent  in  parts  of  Dartmoor.  As  distinguished  from 
the  granitic  dykes,  termed  elvans,  these  veins  are  tortuous  in  their 
courses,  and  in  general  form  resemble  those  on  the  outskirts  of 
granitic  masses  intruding  into  the  slates. 

As  might  be  expected,  a  few  of  these  veins  are  observed  to 
traverse  both  the  granite  and  slate,  to  account  for  which  it  would 
be  merely  necessary  that  the  cracks  into  which  the  matter  of  the 
veins  has  been  injected  should  have  occasionally  passed  out  of  the 
granitic  mass  (consolidated  at  its  surface)  into  the  adjoining  slate. 
A  vein  of  this  kind  is  seen  at  Cam  Silver,  near  Rosemodris,  long 
since  pointed  out  by  Mr.  Came*.  Many  of  the  schorlaceous 
veins  in  granite  may  probably  be  classed  under  the  same  head 
with  these  veins.  The  granitic  veins  that  traverse  slate,  and  which 
we  suppose  of  an  earlier  date  because  they  proceed  from  the  main 
body  of  granitic  masses,  are  sometimes  schorlaceous,  and  the 
change  in  the  courses  of  such  veins  from  schorlaceous  to  iion-> 
schorlaceous  granite  is  frequently  very  interesting.  The  granite 
veins  at  Mousehole  offer  good  instances  of  this  fact. 

Some  of  the  granite  veins  in  granite  may  be  due  to  a  separa- 
tion of  parts  during  consolidation ;  but  those  to  which  we  have 
more  particularly  alluded  above  seem  rather  referrible  to  the 
cause  which  we  have  assigned  them — a  view  in  a  great  measure 
borne  out  by  the  continuation  of  some  of  these  veins  into  the  ad- 
joining slates,  which  there  can  be  little  doubt  are  altered  portions 
of  sedimentary  rocks. 

The  granitic  veins  which  occur  in  the  serpentine  of  the  Lizard, 
and  even  in  the  hornblende  slate  of  the  same  district,  may  either 
be  referred  to  the  date  of  the  intrusion  of  the  granite  masses,  to 
periods  when  cracks  were  produced  in  them  after  such  first  intru- 
sion, or  to  that  of  the  elvan  courses  to  be  next  noticed.  Their 
date  may  be  uncertain,  but  they  would  appear  to  be  formed  of 
granitic  matter  ejected  into  cracks  which  were  formed  in  the 
rocks  among  which  they  are  found.  They  resemble  both  elvan 
dykies  and  the  veins  above  noticed  in  their  general  characters. 
The  vein  at  the  long-celebrated  Kynance  Cove  descends  the  cliff 
in  the  manner  of  a  dyke,  afterwards  taking  a  course  between 

♦  Traus.  Geol.  Society  of  Cornwall,  vol.  ii.  p.  67  (1822).  In  a  paper  read  Oc- 
tober, 1818. 
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Asparagus  Island  and  the  main  land^  much  resembling  some 
trappean  dykes.  The  granitic  vein  which  descends  the  cliff  on 
the  north  of  the  Balk^  near  Landewednack^  also  possesses  a 
dyke-like  character,  though  it  afterwards  divides  out  into  branches 
very  similar  to  the  granitic  veins  above  noticed.  The  granitic 
veins  between  Innis  Head  and  Kernick  Cove  have  also  a  very 
dyke-like  character.  This  granitic  compound  runs  sometimes  also 
in  very  thin  veins^  as  may  be  well  seen  at  the  rock  of  hornblende 
slate  in  the  centre  of  the  landing-cove  at  Landewednack.  These 
veins  are  generally  a  compound  of  felspar  and  quartz^  and  many 
of  them  have  been  long  noticed  by  the  various  writers  on  the 
Lizard  district.  They  are  difficult  to  trace  inland,  though 
similar  rocks  may  be  there  found,  appearing  to  take  very  tor- 
tuous courses^  as  might  indeed  be  readily  inferred  from  their 
mode  of  occurrence  on  the  coast.  One  large  dyke  seems  to  hold 
a  somewhat  permanent  course  from  Cugar,  a  few  degrees  south 
of  east,  to  the  sea  near  Kernick  Cove ;  and  some  between  Innis 
Head  and  Poltesca  appear  not  far  out  of  that  direction.  Dr.  Boase 
remarks  that  the  rock  of  this  kind  which  occurs  on  the  east  of 
Kernick  Cove  runs  north-east  and  south-west,  dipping  at  a  con- 
siderable angle  to  the  north  of  east,  and  traversing  red  serpen- 
tine*. The  vein  or  dyke  in  the  north  of  the  Balk  (Landewed- 
nack) partly  cuts  through  diallage  rock ;  and  there  is  much  of 
this  granitic  compound  under  the  diallage  rock  and  serpentine 
in  the  difls  in  the  same  vicinity :  whether  part  of  a  mass  or  the 
prolonged  portion  of  a  large  vein  running  horizontally  it  is  diffi- 
cult to  aayf . 

In  addition  to  the  masses,  minor  patches,  and  veins  of  granite 
above  noticed,  we  find  long  lines  of  granitic  and  felspar-porphy- 
ritic  rocks^  provincially  termed  elvans,  cutting  the  slates  and 
granites,  occasionally  traversing  both  in  one  continuous  body  of 
rock,  which  in  their  general  mode  of  occurrence  strongly  remind 
us  of  trap  dykes,  and  from  which  they  chiefly  differ  in  mineral 
composition.  That  those  elvans  (to  adopt  this  very  useful  term) 
which  traverse  the  granite  and  slates  are  of  an  age  posterior  to 

*  Tnns.  Oeol.  Society  of  Corawall,  vol.  It.  p.  336. 

t  Mr.  StiU  was  enabled  to  trace  this  granitic  rock  for  a  considerable  distance, 
oader  &roaiabl«  drcumsiances,  along  tbe  line  of  the  sea.  It  should  be  observed 
that  many  of  the  sections  afforded  by  the  clifi  of  the  Liiard,  which  are  highly 
iatnestiiy,  can  only  be  seen  in  boats  during  fine  weather ;  those,  therefore^  on  the 
i  cspecialiyf  only  during  a  few  days  in  the  year. 
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the  coDsolidation  of,  at  least,  that  portion  of  the  granite  which 
they  cut  through  will  be  evident.  With  respect,  however,  to 
those  which  only  traverse  the  slate,  the  time  of  their  formation, 
or  rather  of  the  fissures  into  which  the  igneous  matter  of  which 
they  are  composed  was  injected,  is  not  so  clear.  Some  may  have 
been  formed  at  the  epoch  of  the  intrusion  of  the  great  masses, 
while  others  may  even  have  been  produced  after  the  elvans  which 
traverse  the  granite  and  slate. 

These  elvan  dykes  vary  from  a  few  to  300  or  400  feet  in 
breadth,  and,  though  comparatively  narrow,  many  can  be  traced 
satisfactorily  for  several  miles.  One  of  the  longest  hitherto  deter- 
mined is  that  which  runs  from  Wheal  Darlington,  near  Marasion, 
for  twelve  miles,  by  Wheal  Fortune,  Corbus,  Treganhom,  Cayle, 
Herland  Mine  (Gwinnear),  Roseworthy,  and  Camborne,  to  Pool, 
sending  off  a  branch  near  Cayle  about  five  miles  long,  which 
passes  by  Camhell  Green,  Cassawson,  and  Tregear,  into  the 
Cambi*ea  granite,  cutting  into  the  latter  on  the  west  of  OEim* 
borne  Beacon.  How  far  this  elvan  may  extend  to  the  south- 
westward  it  would  be  difficult  to  say.  That  which  runs  along 
with  Penzance  Pier,  and  is  continued  by  the  Wherry  Mine,  is 
not  far  out  o{ihe  line. 

The  elvans  which  occur  in  the  gmnite^  especially  when  they 
are  granitic,  are  often  difficult  to  trace>  as  might  foe  expected, 
while  the  courses  of  those  which  traverse  the  slates  are  more 
easily  distin^ished,  particularly  where  quarries  for  buiiding- 
stone  are  opened  upon  them,  as  is  very  frequently  the  caae. 

Commencing  on  the  west,  we  have  found  only  one  instance  in 
the  Scilly  Islands  of  an  elvan  dyke*  It  seems  to  run  across  the 
northern  part  of  St.  Mary's,  near  the  Telegraph,  and  has  a  grey 
felspatho-quartzose  base  containing  crystals  of  light-coloured  fel- 
spar and  quartz.  Other  elvans  may  exist,  but  if  granitic,  as 
above  noticed,  they  would  be  very  difficult  to  trace  in  these 
islands.  That  above  mentioned,  which  appears  to  cut  throu^ 
the  granite,  has  a  course  about  east  25^  north,  and  west  25^ 
south. 

From  fragments  which  are  scattered  over  parts  of  the  Land's 
End  granite,  there  are  evidently  more  elvans  traversing  it  than 
we  have  been  successful  in  finding,  from  the  want  of  exposed  por- 
tions of  them  in  place.  At  Maen,  or  Mayon,  near  the  Land's 
End,  a  rock  composed  of  a  small-grained  mixture, of  felspar  and 
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quarts,  with  larger  disseminated  pbrtions  of  schorl^  seems  to  cut 
the  granite  in  the  manner  of  an  eWan,  holding  a  north-western 
eoorse  towards  the  west  of  Chapel  Carti  Brea.  From  Sancreed 
towards  Ludgvan  we  obtain  a  course  of  elvan  varying  somewh$|; 
in  mineralogical  character,  as  is  often  the  case  with  elvans^  of  a 
more  decided  kind,  cutting  through  both  granite  and  slate.  It 
has  diiefly  a  quartzo-felspathic  base  with  crystals  of  felspar :  schorl 
is  also  sometimes  observable.  The  same  line  of  elvan  is  probably 
contmued  in  the  course  we  find  extending  from  Tregellas  and 
Colurrian  across  the  road  near  Roseangrouz» 

A  glance  at  the  maps  will  show  that  lines  of  elvans  some- 
what radiate  in  their  directions  eastward  from  the  courses  of  Pen- 
zance Pier  and  the  Long  Rock,  in  Mount's  Bay.  Not  that  they 
actually  spring  from  these  elvans,  but  they  point  down  in  that 
direction  from  the  eastward.  While  the  elvan  course  above 
noticed  as  running  from  Wheal  Darlington  to  Camborne  and 
the  Cam  Brea  granite  takes  a  north-western  direction,  as  also 
another  elvan  on  the  north  of  it,  passing  from  Rosevidney  by 
St.  Erth  through  Wheal  Alfred,  an  elvan  on  the  north  of  Mara- 
zion,  after  running  in  the  direction  of  Tregurtba,  bends  round  to 
the  southward  by  Goldzithney,  and  passes  into  the  sea  on  the 
west  side  of  Pra  Sand.  Another  elvan,  which  passes  through 
the  Marazion  mines,  seems  to  divide  on  the  north  of  Trogurtha, 
one  branch  running  near  Trevarthian  to  Gurlyn,  while  the  other 
crosses  through  St.  Hilary  to  the  east-south-east  Generally 
speaking,  these  elvans  are  composed  of  a  felspatho-quartzose  base 
with  crystals  of  felspar  or  of  quartz,  and  occasionally  of  both 
these  minerals  in  the  same  rock.  They  sometimes  acquire  a 
more  granitic  structure  in  the  central  parts  of  the  dyke.  The 
elvan  which  runs  through  St.  Hilary  towards  Tregonning  Hill, 
and  also  that  which  cuts  through  the  country  ftt>m  Trogurtha, 
near  Marazion,  to  Pra  Sands,  are  both  remarkable,  more  par* 
tindarly  in  parts  of  their  courses,  for  containing  a  multitude  of 
pinite  crystals ;  so  that  in  some  localities,  as  on  the  west  of  St. 
Hilary,  die  rock  is  thickly  studded  with  them  and  with  crystals 
of  fel^>ar,  occasionally  large.  Numerous  schorl  veins  with  oxide 
of  tin  traverse  the  elvan  near  Trogurtha  Tin-mine.  An  excellent 
example  of  the  change  of  structure  in  the  same  mineral  compound 
may  be  seen  in  the  elvan  near  the  Pra  Sands,  the  sides  almost 
paaang  into  compact  quartzo-felspathic  rock,  while  the  interior 
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is  more  crystalline.  In  the  pinitiferous  elvan  between  St.  Hilary 
and  Bostrase  the  outsides  of  the  dyke  are  more  compact  and  por- 
phyritic  than  the  interior^  which  is  more  granitic^  with  dissemi- 
nated large  crystals  of  felspar. 

We  must  refer  to  the  maps  for  the  situation  and  direction  of 
the  elvans  which  occur  near  Great  Binner,  Clowance,  Wheal 
Crenver>  Copper  Bottom,  and  other  places  in  that  part  of  the 
county,  which  run  more  or  less  parallel  with  those  on  the  north, 
and  bring  on  the  general  strike  of  the  mass  of  elvans  that  occur 
in  the  great  mining  districts  of  Redruth  and  Gwennap.  Elvans 
with  the  same  line  of  strike  will  be  seen  occurring  near  Breague, 
on  the  south,  running  among  the  lodes  of  Wheal  Vor.  Most  of 
these  elvans  have  the  common  character  above  noticed. 

It  will  be  observed  that  the  elvans  near  Camborne^  Redruth, 
and  Gwennap,  if  they  hold  their  courses  up  to  the  granite,  seem 
to  cut  into  it.  The  mining  section  (pi.  9)  shows  three  elvans 
seen  in  the  workings  in  the  contre  lode  in  Dolcoath  mine ;  one 
traversing  the  slate  alone,  another  cutting  through  slate  and 
granite,  and  the  third  running  solely  through  granite ;  all  having 
a  somewhat  converging  character  downwards,  as  if  they  sprung 
from  the  same  mass  in  depth.  It  will  be  seen  that  some  elvans 
split  in  their  courses  to  the  eastward,  and  some  spring  from 
elongated  masses,  as  near  Trevarth,  on  the  west  of  Gwennap, 
and  near  Frogpool,  on  the  east  of  the  same  place.  One  elvan 
traverses  greenstone  near  Burncoose,  passing  westward  by  Tre- 
wedna  Water  and  above  Carnon  Gate  to  the  downs  on  the  west 
of  Killaganoon,  where  suddenly  a  branch  from  it  turns  to  the 
southward,  pointing  to  some  elvans,  which,  after  cutting  through 
granite  by  Trevathes,  Laity,  M enke,  Roscrow,  Trelever,  Penryn, 
and  other  places  in  that  district,  turn  up  in  part  by  Enys,  Gar- 
rick,  Gluvias,  and  Milor  Bridge^  towards  the  north  and  north- 
east. The  elvan  which  crosses  the  Restronget  Creek  from  Lower 
Deveron  to  Carclew  is  parallel  to  this  branch,  as  is  also  another 
intermediate  dyke.  That  which  seems  to  curve  round  from 
Daniel's  Point,  under  the  creeks  by  the  west  of  Restronget,  seems 
also  to  show  a  tendency  of  the  elvan  courses  of  the  vicinity  of 
Penryn  to  run  up  to  the  eastern  part  of  those  that  extend  from 
Gwennap  to  the  neighbourhood  of  Truro. 

These  elvans  have,  for  the  most  part,  a  common  mineral  cha- 
racter, being  chiefly  composed  of  a  felspathic,  perhaps  often  a 
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quartxo-felspathic  base,  containing  crystals  of  felspar  and  quartz^ 
either  singly  or  together  in  the  same  rock ;  schorl  less  frequently, 
and  still  more  rarely  mica.  The  elvans  are  of  very  variable 
deg;rees  of  induration  in  diflTerent  places,  principally  depending,  it 
would  appear,  upon  the  condition  of  the  felspar.  The  elvan 
on  the  west  of  Killaganoon  is  so  decomposed  that  it  has  been 
worked  as  crucible  clay,  while  other  elvans  are  extremely  hard. 
A  hard  elvan,  much  employed  for  economic  purposes,  is  quarried 
near  Seveoch  Water,  between  Redruth  and  Truro.  In  the  central 
parts  of  the  dyke^  which  is  of  considerable  breadth,  the  rock  is 
{^nitic,  containing  small  roseate  crystals  of  felspar,  and  isolated 
and  radiated  nests  of  schorl,  the  outer  portions  being  bv  less 
crystalline  and  more  hard  than  the  central.  At  Newham  quarry, 
near  Truro,  at  the  termination  of  a  long  dyke  extending  about 
nine  miles  from  the  westward  of  Penstruthal,  where  it  cuts  through 
granite,  even  the  porphyritic  character  becomes  lost,  and  we  have 
a  substance  not  unlike  some  arenaceous  rocks*.  It  is  white  and 
rather  fnable — a  fine-grained  compound  of  quartz  and  felspar. 
A  short  distance  west,  however,  the  elvan  is  a  well-characterized 
porphyryf .  Even  marked  colours  are  seen  to  change  in  short 
distances.  As  an  example,  we  may  note  the  Cre^broaz  quarries 
near  Chasewater,  where,  at  only  fifly  yards  asunder,  one  part  of 
the  mass  is  of  a  greenish  hue,  while  another  has  a  beautiful 
roseate  tint.  They  are  both  granitic  porphyries,  felspathic  matter 
prevailing. 

Near  St.  Agnes  we  have  the  advantage  of  seeing  an  elvan  cut 
in  several  places  in  its  course  by  the  line  of  sea-cliff  It  is  first 
observed  westward  on  the  south  of  St.  Agnes*-  Head,  whence  it 
traverses  the  country  for  about  a  mile  to  the  coast  on  the  west  of 
Trevaunance  Perth.  It  then  disappears  beneath  the  sea  for  about 
three-quarters  of  a  mile,  and  is  afterwards  seen  rising  up  the  cliffs, 
with  a  northern  dip,  cutting  through  the  slate  beds.  In  the  next 
cove  on  the  west,  sometimes  termed  Trevellas  Cove,  we  have  the 
elvan  dyke  as  represented  in  the  annexed  section  (fig.  21),  in 
which  a  a  is  the  elvan  dyke,  b  b  the  slates  which  it  cuts  across, 

*  It  ihonld  be  obterved  that  wheo  elvans  are  deeompoaed,  and  many  are  to,  they 
fiot  mfreqneatly  appear  landy  or  gravelly  at  the  Buiface. 

t  At  Penftrutlial,  the  elvan  is  a  porphyry  formed  of  a  fine-grained  quartio-fels- 
(wthic  bMe,  with  diaieminated  crystals  of  schorl. 
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diXiA  ffdive  faults,  that  on  the  north  having  heaved  the  dyke 
about  its  own  thickness,  while  the  other  has  scarcely  moved  it. 
The  same  elvan  afterwards  runs  to  Wheal  Prudence,  and  ap- 
parently enters  the  granite  of  Cligga  Point,  if,  indeed,  the  granite 
of  this  point  be  not  the  main  mass  from  which  it  springs,  sending 
out  two  other  elvans  to  the  eastward.  The  line  of  the  St  Agnes 
elvan  is  at  all  events  carried  on  upon  the  south  of  Great  St 
George  Mine  and  Wheal  Leisure  to  Penkaronow,  near  Piran 
Perth,  after  which  it  is  continued  by  Piran  Round,  and  the  south 
of  Wheal  Hope,  towards  Wheal  Deer  Park.  About  this  place  it 
has  not  been  traced  continuously,  but  on  the  same  line  of  strike  an 
elvan  is  found  at  Nanhellan  and  at  Trevilson,  near  Newlyn.  Other 
elvans  occur  near  Piran  Perth  and  Cubert^  which  seem  to  take 
courses  somewhat  parallel  to  the  last-mentioned  dyke,  those  near 
Cubert  being,  however,  more  nearly  east  and  west  The  Cubert 
and  Trebellen  elvans  evidently  pass  under  the  blown  Piran  sands 
to  the  sea,  where  they  are  well  exposed,  the  latter  appearing  at 
Camhaut.  At  this  place  the  cutting  character  of  the  elvan,  where 
a  small  portion  of  the  slate  it  traverses  appears  from  beneath  the 
sands,  is  well  exhibited,  as  also  the  more  developed  crystallization 
of  the  central  part  of  the  dyke.  It  is  a  quartzo-felspathic  por- 
phyry, containing  crystals  of  felspar,  quarts,  and  schorl  The 
central  part  of  the  continuation  of  the  Cubert  elvan  is  more 
granitic,  being  a  compound  of  quartz,  felspar,  and  mica  (the 
latter  rare),  containing  disseminated  crystals  of  felspar  and 
schorl.  The  outer  portions  of  this  dyke,  where  they  approaeh 
the  containing  slate,  also  exhibit  a  less  crystalline  arrangement  of 
the  constituent  parts,  being  there  more  porphyritic,  with  a  more 
compact  base. 
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Proceeding  northward  to  Watergate  Bay,  we  observe  a  fine 
example  of  a  dyke  traversing  the  grauwacke  beds  nearly  at  right 
angles  to  their  strike,  these  beds  being  in  part  a  continuation  of 
the  fossiliferous  deposits  of  Lower  St.  Columb  Forth  and  New 
Quay.    The  annexed  wood-cut  (fig.  22)  is  a  section  of  the  dyke. 

Fig.  22. 


where  ii  appears  at  Watergate  Bay,  somewhat  obliquely  to  the 
run  of  the  coast,  a  a  being  the  elvan  dyke,  and  b  b  slates.  This 
elvan  n  very  granitic,  being  a  compound  of  quartz,  felspar,  and 
mica,  containing  crystals  of  felspar.  The  upper  portion,  which  is 
inaccessible,  seemed  to  have  a  concretionary  structure  when 
viewed  through  a  telescope.  The  dyke  continues  in  its  general 
course  across  a  variety  of  beds  in  a  north  and  south  direction 
from  Watergate  Bay  by  Lower  St.  Columb  Forth,  Chapel, 
Trerioe,  and  PoUamounter,  to  the  west  of  Jenkins  Barrow,  near 
MitchelL  This  granitic  elvan  preserves  its  general  mineral 
character  for  long  distances,  not  varying  much  in  this  respect 
during  its  whole  course.  Near  St.  Columb  Minor  the  sides  of 
the  dyke  are  more  porphyritic  and  less  granitic  than  in  the  cen- 
tral portions.  Indeed,  the  granitic  structure,  as  frequently  hap- 
pens with  the  granitic  elvans,  entirely  disappears  towards  the 
outer  walk. 

The  elvans  which  stretch  up  to  this  north  and  south  course 
from  the  eastward,  have  a  different  direction  from  those  which 
run  towards  it  on  the  west  side,  and  neither  on  the  one  side 
nor  on  the  other  have  we  been  able  to  detect  the  junction  of 
any  one  of  these  elvans  with  it  Such  a  junction  would,  how- 
ever, appear  very  probable,  more  particularly  near  Chapel,  where 
the  elvan  running  firom  Coosewell  Mill,  about  west  20^  north,  to 
Penlane^  approaches  close  to  this  north  and  south  course ;  and 

n2 
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also  near  Trevilson^  where  that  ranging  up  from  Nanhellan,  near 
Newlyn,  seems  to  approximate  still  closer.  The  elvan  near 
Penlane  is  much  decomposed^  sufficiently  so  to  be  employed  as 
crucible  clay  ;  and  if  the  two  elvans  should  hereafter  be  found,  by 
better  artificial  sections  than  could  be  obtained  when  we  were 
there,  to  come  into  contact,  it  would  be  highly  interesting  to  see 
whether  the  one  cut  the  other,  or  both  merged  into  the  same  dyke. 

Several  elvans,  with  a  general  east  and  west  course,  are  found 
on  the  north  of  the  Hensborough  granite ;  one  which  runs  from 
Tremore  westward  to  Tregotha,  near  St.  Wenn,  is  remarkable  for 
the  beautifiil  appearance  of  parts  of  its  course.  Near  Tremore 
it  swells  out  considerably,  and  is  somewhat  variable  in  the  colours 
of  its  component  parts.  In  some  places  it  is  light-coloured  with 
white  crystals  of  felspar ;  in  others  there  is  a  flesh-coloured  fel- 
spathic  base,  studded  with  crystals  of  quartz,  white  felspar,  and 
some  schorl.  Another  variety  has  a  brown  flesh-coloured  fel- 
spathic  base,  with  light  pink  crystals  of  felspar,  crystals  of  quartz, 
and  some  schorl.  On  the  south  of  St  Wenn  this  dyke  becomes 
much  decomposed,  forming  a  white  clay,  with  disseminated 
crystals  of  felspar  in  it.  An  elvan  not  far  from  Lower  Woodley, 
near  Lanivet,  has  a  qtiartzo-felspathic  base,  containing  crjrstak 
of  quartz,  schorl,  and  mica. 

It  is  difficult  to  say  whether  the  lines  of  granitic  rock  whidi  run 
from  the  granite  in  the  neighbourhood  of  Blisland  should  be 
considered  in  the  light  of  elvans  or  of  veins  injected  into  the 
adjoining  slate  when  the  granite  mass  was  first  protruded.  Their 
parallelism  and  general  range  would  lead  us  to  refer  them  to  the 
former ;  their  mineralogical  character,  however,  if  they  be  elvans, 
prevents  their  being  traceable  in  the  granite.  Elvans,  indeed, 
occur  near  Temple,  which  may  constitute  continuous  portions  of 
them,  but,  if  so,  they  are  more  granitic  in  the  slates  than  in  the 
granite.  At  Hellagon,  on  the  north  of  Helland,  the  dyke  or  vein 
is  composed  of  a  base  of  felspar  and  quartz,  in  which  are  crystals 
of  felspar  and  schorl.  At  Kemick,  also  near  Holland^  the 
termination  of  another  of  these  granitic  lines  is  a  granite  composed 
of  felspar,  quartz,  and  mica,  the  latter  being  somewhat  rare. 
Where  the  latter  line  approaches  the  granite  near  the  London  Inn 
on  the  road  from  Bodmin  to  Launceston,  we  find  a  hard  base  of 
quartz  and  felspar  containing  plates  of  black  mica  and  crystals  of 
w  hite  felspar. 
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Hiese  dykes  or  veins  run  parallel  to  others  that  occur  in 
the  vidiiity  of  Cardinham  and  St.  Neots^  and  which  also  par- 
tially communicate  with  the  adjacent  granite  in  a  manner  to 
render  it  doubtful  whether  they  were  formed  subsequently  to>  or 
at  the  time  of,  the  protrusion  of  the  latter.  Some  of  these 
granitic  lines  are  certainly  detached  from  it,  as  far  as  exposure  on 
the  surface  is  concerned.  They  have  generally  the  character  o^ 
el  vans,  possessing  much  the  same  mineral  structure  as  those  near 
Gweonap  and  other  places,  and  should  probably  be  referred  to 
that  class  of  granitic  rocks.  At  Higher  Hill,  south-west  from 
Cardinham,  iron  pyrites  occurs  among  one  of  the  common  por- 
phyritic  elvaus. 

An  elvan  stretches  down  from  the  vicinity  of  Camelford  to 
Tregreenwell,  near  St.  Teath,  at  which  latter  place  it  has  a  base 
of  light-coloured  felspar,  quartz,  and  mica,  containing  disseminated 
crystals  of  h'ght-coloured  fekpam  Nearer  Camelford  the  same 
elvan  dyke,  instead  of  being  granitic,  as  at  Tregreenwell,  becomes 
a  porphyry  with  a  grey-white  quartzo-felspathic  base>  containing 
crystals  of  quartz  and  specks  of  mica.  At  Trecligoe,  near  Camel- 
ford, the  rock  is  formed  of  a  light-grey  felspathic  base,  containing 
crystals  of  quartz,  flesh-coloured  felspar,  and  plates  of  mica.  In 
the  line  of  strike  near  St.  Teath  we  did  not  detect  elvan  in  place, 
though  perhaps  some  fortunate  artificial  section  may  eventually 
disclose  a  continuation  of  it ;  but  in  the  direction  of  the  line  of 
strike  at  Treburget,  beyond  St  Teath,  we  find  a  rock  composed 
of  a  grey  quartzo-felspathic  base,  with  imperfect  crystals  of  lighter- 
coloured  felspar  and  points  of  iron  pyrites  This  latter  rock  can 
be  traced  by  the  neighbourhood  of  Trelill,  St.  Kew  (where  it  is 
fbraied  of  a  felspathic  base  containing  disseminated  quartz  and 
imperfect  crystals  of  felspar,  the  whole  having  a  granitic  appear- 
ance), Trewethem,  Hensdon  Mill,  and  Keiroe,  towards  Lower 
Penmaen. 

Elvans  are  found  in  the  granite  near  Rough  Tor,  and  a  few 
other  places  in  the  district  of  Brown  Willy,  but  from  the  want  of 
well-exposed  ground  we  have  been  unable  to  trace  them  with  the 
precision  necessary  for  insertion  in  the  maps. 

Returning  to  the  south  we  find  a  group  of  elvans  near  St. 
Austdl  and  on  the  south  of  St  Stephen's,  of  which  the  general 
<iirection  may  be  taken  at  about  west  20^  north,  and  east  20"* 
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south,  though  portions  of  them  vary  considerably  from  that  direc- 
tion, as  for  examples,  the  Pentuan  branch  running  from  Sticker 
Down  to  the  sea  at  about  east  30°  south,  there  sending  off  a  shoot 
to  the  north-east ;  and  the  elvan  extending  from  Trembear  (near 
St.  Austell)  to  Nanphisick,  which  takes  a  south-west  and  north- 
east course,  allowing  for  the  bend,  and  the  fieiults  by  which  it 
heaved.  The  main  direction  of  these  St.  Austell  elva&s  cor- 
responds, therefore,  with  the  strike  of  those  which  occur  between 
Fatworth  Hill  (near  the  Indian  Queen)  and  Quintrel  Downs,  and 
diiSers  about  44®  from  the  general  run  of  the  Redruth  and 
Gwennap  elvans,  which  may  be  regarded,  on  a  whole,  as  having 
a  direction  of  east  24®  north,  and  west  24®  south. 

In  general  mineralogical  composition  these  elvans  resemble  the 
mass  of  those  previously  noticed.  They  are  sometimes  granitic, 
and  at  others  more  porphyritic,  the  same  course  often  changing 
its  character  in  this  respect,  the  sides  being  generally  more  com- 
pact and  less  crystalline  than  the  interior  parts  of  the  dyke& 
Granitic  and  porphyritic  elvans  are  seen  near  Polgootb,  where  the 
one  which  cuts  through  the  old  Mulvra  Mine  in  its  course  from 
Trelyon  Mill,  near  St  Stephen's,  to  Flat  Rock  Point,  in  St 
Austell  Bay,  holds  nests  of  yellow  bi-sulphuret  of  copper,  ap- 
parently isolated,  and  varying  from  even  several  tons  to  a  few 
ounces  in  weight*.  We  have  been  informed  that  this  elvan 
possessed  a  similar  character  in  its  course  near  Penrice,  the 
lumps  of  bi-sulphuret  of  copper  being  there  smaller. 

llie  long-celebrated  Pentuan  elvan,  or  Pentuan  stone,  as  it  is 
generally  termed,  is  a  fine-grained  compound  of  felspar  and 
quartz,  with  crystals  of  mica,  and  is  remarkable  for  containing 
fragments  of  the  slate-rocks  which  it  traverses,  and  occasionally, 
though  very  rarely,  portions  of  quartz,  which  also  seem  to  have 
been  broken  off  and  imprisoned  in  the  matter  of  the  elvan.  The 
fragments,  however,  actually  found  in  the  main  body  of  this 
elvaii  are  rare  compared  with  those  which  are  detected  in  a  branch 
it  sends  off  from  the  cliff  where  it  comes  upon  the  sea,  and  which 
runs  along  the  shore  towards  the  Black  Head.     The  fragments  of 

*  My  friend,  Blr.  Robert  Were  Fox,  obfained  gmall  neiti  of  plumbago,  limilariy 
dispersed,  from  one  of  the  elvans  near  Deveron  (Restronfi^  Creek,  Falmonth  £». 
tuary),  the  only  instance,  we  believe,  of  the  occurrence  of  this  minenl  which  has 
been  yet  noticed  in  Cornwall. 
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the  adjoimng  locks  contained  in  this  branch  are  extremely  nu- 
meious,  decreasing  in  abundance  from  the  sides  of  the  dyke 
towards  to  the  central  part^  where  we  rarely  detect  any. 

The  elran  of  Spamick  Moor,  near  St.  Austell,  abounds  with 
strings  of  schorl  and  quartz,  among  which  oxide  of  tin  is  often 
ID  sufficient  quantity  to  be  profitably  worked.  It  may  be  doubted, 
however,  how  far  these  strings  are  contemporaneous  with  the 
ejection  of  the  elvan,  and  not  joints  in  it  subsequently  filled. 
Pinite  is  found  in  the  elvan  which  runs  from  Polgooth  by  Tre- 
withan  to  Court  Mill,  more  particularly  in  a  decomposed  part 
of  it  at  Treloweth  on  the  road  from  St.  Austell  to  Grampound. 

It  will  be  observed,  by  reference  to  the  maps,  that  two  of  the 
el  vans  near  St.  Austell  divide  in  their  courses,  that  which  runs 
from  Flat  Rock  Point  through  Polgooth  tin-mine  separating  near 
Dowgas  in  its  progress  to  the  westward,  while  that  from  which 
the  Fentuan  elvan  proceeds  sends  out  another  branch  eastward 
by  Towan  to  Trenarren.  The  cutting  character  of  these  elvans  is 
well  known  in  the  mines  of  the  district,  and  is  particularly  well 
exhibited  in  the  deep  excavation  for  the  St.  Austell  and  Gram* 
pound  road  near  Bosinver,  where  a  small  elvan  traverses  it. 

On  the  east  side  of  the  Brown  Willy  mass  of  granite  we  detect 
elvans  between  Linkinghom  and  North  Hill,  and  to  the  west  and 
flouth-west  of  the  latter  place,  possessing  the  same  general  mi- 
Derakgical  characters  as  the  other  common  Cornish  rocks  of  the 
same  kind.  Occurring  as  they  do,  nearly  opposite  similar  lines 
of  granitic  rock  on  the  west  of  the  same  mass  of  granite  near 
Blisland,  we  may  be  led  to  consider  that  they  form  a  part  of  a 
series  of  dykes  running  in  an  eastern  and  western  direction  across 
it,  the  lines  being  difficult  to  trace  through  the  granite,  in  conse- 
quence of  the  frequent  mineralogical  resemblance  they  may  bear 
to  it  On  the  other  hand,  they  may  as  readily  have  filled  fis- 
sures produced  during  the  eruption  of  the  Brown  Willy  and 
Dartmoor  masses  of  granite,  such  fissures  taking  the  lines  of 
least  resistance  among  the  beds  of  pre-existing  grauwacke,  while 
in  one  or  two  places  bosses  of  granite  have  been  forced  through 
them,  as  upon  Kingston  Down.  The  occurrence  of  the  elvans 
that  traverse  Morwell  Downs,  the  southern  of  which  nearly 
extends  to  Horrowbridge,  there  nearly  meeting  an  irregular  but 
detached  line  of  granitic  rocks  which  range  from  Dartmoor  by 
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Walkhainpton^  would  appear  to  support  this  view>  if  we  did  not 
find  an  elvan  which  seems  to  traverse  the  granite  of  Kit  Hill. 
There  seems  certainly  no  reason  why  these  granitic  rocks  may  not 
have  been  of  different  geological  ages,  the  whole  tending  to  show 
that  beneath,  in  that  line,  the  granite  has  struggled  to  free  itself 
through  the  superincumbent  grauwacke,  and  to  unite  the  masses 
of  Brown  Willy  and  Dartmoor  above,  as  they  are  doubtless  be- 
neath. The  elvans  of  Morwell  Downs  are  cut  by  the  tunnel  of 
the  Tavistock  canal,  and  have  been  described  by  Mr.  John  Taylor 
in  his  notice  of  the  rocks  there  traversed*. 

The  elvan,  long  known  as  the  Roborough  stone,  traverses  the 
Downs,  from  whicli  it  takes  its  name,  in  an  east  and  west  direc- 
tion ;  it  is  chiefly  a  porphyry  composed  of  a  felspatho-quartcose 
base  with  crystals  of  quartz,  formed  of  hexagonal  pyramids,  base 
to  base,  a  very  common  shape  in  which  crystals  of  quartz  appear 
in  the  elvans  of  Cornwall  and  Devon,  when  this  mineral  occurs 
disseminated  throughout  a  felspathic  or  quartzo-felspathic  base, 
so  that,  where  the  base  is  Uable  to  decomposition,  these  isolated 
crystals  can  be  obtained  in  multitudes,  by  merely  washing  away 
the  decomposed  rock.  The  Roborough  elvan  can  be  well  seen 
to  cut  through  the  slate-beds  in  the  valley  between  Milton  and 
Maristow. 

On  the  south  of  Roborough  we  find  a  granitic  elvan  near  Jump, 
and  a  porphyritic  elvan  extending  from  Cann  slate-quarries,  by 
Fursdon  towards  Knacker's  Knole.  The  rock  which  runs  in  a 
line  from  the  south  of  Modbury  towards  Erme  Mouth,  we  have, 
as  before  stated  (p.  78),  referred  with  doubt  to  this  class  of 
rocks,  and  have  mapped  it  as  an  elvan  for  convenience.  On  the 
north  of  Dartmoor  we  find  two  elvans  in  the  carbonaceous  series, 
one  on  the  west  of  Arscot,  near  South  Zeal,  and  the  other  run- 
ning through  Lidbridge  and  Lidleigh  Ball,  on  the  south-west  of 
Hatherleigh.  Dykes  of  this  kind  have  not  hitherto  been  detected 
on  the  east  of  Dartmoor. 

It  will  readily  be  observed,  by  reference  to  the  maps,  that  a 
connexion  is  in  a  great  measure  established  between  the  principal 
masses  and  patches  of  granite  in  Cornwall  and  Devon  by  means 
of  elvans.    They  may  be  considered  as  mere  granite  dykes,  the 

*  Tram,  of  the  Qeological  Society  of  London  (vol.  iv.  1817).     The  total  kngth 
of  the  tunnel  is  1270  fathoms. 
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chemical  composition  of  which  bears  great  analogy  to  that  of 
the  chief  granitic  masses  in  the  vicinity  of  which  they  occur, 
their  mineral  structure  considerably  depending  upon  the  condi- 
tions for  cooling  to  which  they  have  been  exposed,  their  central 
portions  being,  therefore,  often  more  generally  crystalline  than 
their  sides.    They  would  appear  to  occur  somewhat  in  groups, 
though  more  straggling  elvans  are  also  detected.    Thus  a  chief 
group  i(iay  be  considered  to  occur  between  Truro  and  Mounts 
Bay,  including  the  elvans  of  Gwennap,  Redruth,  Camborne, 
Gwinnear,  Crowan,  St.  Erth,  St  Hilary,  and  Marazion,  to  which 
should  probably  be  added  those  near  Breague.     Another  group 
would  include  the  elvans  of  St.  Agnes,  Piran  Forth,  Cubert,  and 
Newlyn,  with  those  of  St.  Enoder,  St.  Columb  Major,  St.  Wenn, 
Withiel,  and  Roche,  comprising  the  great  north  and  south  dyke 
which  extends  from  Watergate  Bay  to  Michell.     Those  of  St. 
Austell  and  Sl  Stephen's  would  constitute  a  third  group,  and 
those  ct  Blisland,  St.  Neots,  North  Hill;  and  Linkinghom,  with 
the  elrans  on  the  southern  part  of  the  Brown  Willy  granite,  would 
Ibfio  a  fourth  group,  the  elvans  near  Tavistock  being  considered 
to  constitute  an  extension  of  it  to  the  eastward.     These  divisions 
into  groups  are,  no  doubt,  somewhat  arbitrary,  and  connecting 
links  may  be  considered  to  exist  between  them ;  but,  from  the 
frequency  of  elvan  dykes  in  particular  localities,  the  forces  which 
produced  the  necessary  cracks,  and  threw  up  the  fluid  granite  into 
them,  would  appear  there  to  have  acted  with  greater  intensity 
than  in  those  situations  where  elvans  are  more  rarely  found. 
It  will  be  observed,  that  the  chief  areas  in  which  these  granitic 
dykes  are  not  detected  occur  between  the  Falmouth  estuary 
extending  to  Truro,  and  the  St.  Stephen  and  St.  Austell  elvans, 
including  the  country  stretching  towards  Michell ;  in  the  district 
on  the  north  of  St  Columb  Major,  St.  Wenn,  and  Withiel,  which 
rans  up  to  Padstow,  and  is  bounded  by  the  sea  on  the  west  and 
the  Camel  on  the  east ;  and  in  the  country  extending  from  St 
Austell,  LostwithieU  and  the  course  of  the  Fowey  River,  to  the 
Tamar.    Whether  these  districts  offered  greater  resistance  to  the 
protrusion  of  the  granite,  or  the  forces  which  ejected  the  latter 
acted  with  less  intensity  in  those  points,  it  would  be  difficult  to 
tty,  though  it  may  be  noticed  that  hard  sandstones  or  fine-grained 
conglomerates  occur  in  variable  proportions  as  a  component  part 
of  all  of  them,  and  might  offer  much  resistance  to  the  production 
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of  dykes  in  them.  Connected  with  the  subject  of  resistances  to 
the  production  of  the  cracks  or  fissures  in  which  the  elvans  occur, 
it  is  interesting  to  observe  the  manner  in  which  the  elvans  run 
among  the  greenstones  and  slates  near  Penzance,  and  between 
St  Ertb  and  Redruth,  more  particularly  that  in  which  an  elvan 
passes  between  the  beds  near  Cayle,  separating  and  running  on 
both  sides  of  a  mass  of  trappean  rocks  that  extends  from  the 
vicinity  of  Wheal  Herland  to  Camborne.  Elvans,  however,  may 
be  seen  to  traverse  greenstones,  when  the  latter  occur  across  their 
courses,  as  between  M arazion  and  the  Greeb,  at  Burncoose  near 
Gwennap,  and  at  Bumthouse  near  Penryn. 

Although  the  great  mass  of  the  granitic  rocks  in  the  district 
under  consideration  is  to  be  found  in  Cornwall  and  South  Devon, 
such  rocks  are  not  altogether  confined  to  that  portion  of  it.  A 
patch  of  granite,  the  superficial  extent  of  which  beneath  the  waters 
of  the  Bristol  Channel  is  unknown,  occurs  at  Lundy  Island ;  a 
few  blocks  of  elvan,  previously  mentioned  (p.  49),  are  to  be  seen 
at  low  water  in  a  cove  between  Bull  and  Morte  Points  ;  and  a 
granitic  rock,  long  since  noticed  by  Mr.  Leonard  Homer  as  a 
compound  of  dull  flesh-coloured  felspar,  green  mica,  and  a  small 
quantity  of  quartz,  is  observed  at  Hesteroombe,  on  the  north  of 
Taunton*.  These  three  localities,  supposing  the  elvan  blocks 
between  Bull  and  Morte  Points  to  be  really  in  place,  would 
seem  to  occur  in  a  line  not  far  different  from  the  general  strike 
of  the  grauwacke  and  carbonaceous  deposits  of  North  Devon  and 
that  part  of  the  Quantock  range  in  which  Hestercombe  is  situ- 
ated. If  we  consider  these  granitic  rocks  to  have  been  contem- 
poraneously ejected,  of  which,  however,  we  have  no  proof,  and 
connect  their  occurrence  with  the  rents  subsequently  filled  by 
quartz  infiltrated  into  them,  and  so  conspicuously  intermingled 
with  the  slate  near  Morthoe,  and  other  places  on  the  same  line 
of  strike,  and  also  with  the  contorted  character  of  the  North 
Devon  and  West  Somerset  grauwacke  and  carbonaceous  deposits 
in  similar  lines  of  strike,  we  seem  to  arrive  at  the  effects  of  some 
force  or  forces  exerted  in  the  same  general  direction,  which  either 

•  Sketch  of  the  Geology  of  the  South-wegtem  Part  of  Somenetshiie,  Traos. 
Geol.  Society  of  London,  vol.  iii  (1816). 

Although  the  map  appended  to  this  ezoeUexil  memoir  hy  Mi.  Homer  is  describad 
by  him  as  merely  an  approzimatioii  to  the  truth,  and  has  now  been  published 
twenty-two  years^  it  will  be  observed  that  the  Ordnance  Geological  Maps  of  that 
district  differ  very  slightly  from  it 
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met  with  such  resistance  from  the  cohesion  of  the  sedimentary 
CDTering  that  the  latter  was  not  sufficiently  broken,  except  in  one 
or  tw'O  instances,  to  permit  the  intrusion  of  ^anite,  or  the  forces 
were  unaccompanied  by  the  pressure  of  subjacent  fluid  granite 
upwards  sufficient  to  displace  the  superincumbent  detrital  beds 
and  form  masses  resembling  those  which  occur  in  South  Devon 
and  Cornwall. 

These  granitic  rocks  of  North  Devon  may,  indeed,  be  mere 
paildies  or  parts  of  dykes  analogous  to  the  elvans  of  Cornwall 
and  South  Devon,  and  may  have  been  ejected,  like  them,  after 
the  sedimentary  rocks  they  traverse  have  suffered  great  con- 
tortions and  displacements;  but  if  we  regard  the  whole  area 
under  consideration  with  reference  to  the  protrusion  of  the  great 
granitic  masses  and  the  wrinkled  and  contorted  state  of  the  lime- 
stones, sandstones,  slates,  and  other  pre-existing  rocks  among 
which  these  masses  have  been  so  protruded,  the  probability  that 
both  are  in  some  measure  due  to  a  common  and  geologicaUy- 
contemporaneous  cause  would  appear  considerable. 

If  we  adopt  the  theory  of  a  cooling  globe  and  the  necessity  of 
the  solidified  crust  of  one  period,  with  its  covering  of  sedimentary 
deposits*  conforming  to  the  reduced  size  of  the  earth  at  another, 
th^  solid  crust  with  its  detrital  covering  would  be  broken  up,  or 
wrinkled,  or  both,  to  ccmform  to  the  new  adjustment  of  parts. 
While  great  masses  might  be  squeezed  up  against  each  other  in 
some  places,  forming  mountain  ranges,  less  marked  effects  might 
take  place  in  another.  The  wrinkled  or  fractured  condition  of 
the  surface  may  there  have  been  produced  on  a  minor  scale, 
and  smaller  masses  of  granite,  or  any  subjacent  fluid  rock, 
have  been  squeezed  up  among  the  weaker  parts  by  the  pres- 
sure of  the  dislocated  portions  of  the  solid  crust  there  ad- 
justing themselves.  In  support  of  the  hypothesis  that  lateral 
pressure  may,  under  such  conditions,  have  caused  the  con- 
tortions, not  only  of  mountain  chains,  but  also  of  districts 
such  as  that  under  consideration,  it  may  be  observed  that  if 
we,  in  imagination,  unroll  these  contortions,  and  endeavour  to 
restore  them  and  the  highly-inclined  beds  to  even  moderate 
angles  (those  in  which  we  may  consider  the  detrital  accumula- 
tions to  have  been  effected),  the  mountain  chains  of  which  the 
stratification  has  been  fairly  examined — such,  for  example,  as 
that  of  the  Alps — will  be  found  to  require  far  more  lateral  space 
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than  is  now  occupied  by  these  ranges'*'.  Even  in  districts  such 
as  that  under  consideration,  after  due  allowance  is  made  for  the 
areas  occupied  by  the  intruded  granite,  we  find  that  it  would  be 
extremely  difficult  to  replace  the  detrital  beds  and  their  asso- 
ciated trappean  rocks  in  a  flattened  •  manner  within  the  same 
space.  Hence  we  may  be  led  to  infer  that,  although  much  of 
the  contortion  and  displacement  observed  in  the  grauwacke  and 
carbonaceous  deposits  of  Cornwall,  Devon,  and  West  Somerset 
may  be  due  to  the  intrusion  of  the  granite,  such  intrusion  is  in 
itself  insufficient  to  cause  the  effect  observed,  and  that  some 
greater  geological  cause  productive  of  both  the  intrusion  of  the 
granite  and  of  the  great  contortions  of  the  pre-existing  rocks  must 
be  sought ;  and  tliis  will  be  more  especially  necessary  when  we 
unite  this  district  with  the  curvatures  or  highly-inclined  strata 
observable  in  the  detrital  beds,  from  the  coal-measures  in  the 
descending  order  downwards,  which  occur  in  Eastern  Somerset, 
Gloucestershire,  Monmouthshire,  and  Wales,  the  whole  forming 
a  very  insignificant  portion  of  the  earth's  surface. 

We  may  probably  regard  the  mass  of  the  granites  and  elvans 
above  noticed  as  of  essentially  the  same  chemical  composition, 
subject  only  to  minor  variations  chiefly  arising  from  the  presence 
or  absence  of  schorl  and  of  a  steatitic  mineral  allied  to  talc.  We 
have  elsewhere  calculated  f  that  a  very  common  variety  of  the 
Devon  and  Cornish  granites,  that  in  which  large  crystals  of  fel- 
spar  are  disseminated,  assuming  the  rock  to  be  formed  of  three- 
sixths  felspar,  two  sixths  quartz,  and  one-sixth  mica,  would  be 
composed  of — 


Silica  . 

.     73-04 

Lime    . 

0*44 

Alumina 

.     18-83 

Oxide  of  iron 

1«73 

Potash 

.       8-51 

Oxide  of  manganese 

0-10 

Magnesia 

,      0-83 

Fluoric  acid  . 

0-18 

And  that  another  somewhat  common  granite,  formed  of  two- 
fifths  quartz,  two-fidhs  felspar,  and  one-fifth  mica,  would  be 
formed  of — 

♦  An  easy  method  of  illustrating  this  fact  is  by  arranging  paper  according  to  the 
contortions  and  highly-inclined  strata  of  mountains,  as  exhibited  in  careful  sections, 
when  it  will  be  readily  observed  that  we  cannot  restore  the  paper  to  a  more  flat- 
tened  surface  without  extending  the  area  which  it  occu^ded  as  a  miniature  icpie- 
sentation  of  a  mountain  chain. 

t  ecological  Manual,  3rd  ed.,  p.  449. 
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Silica  . 

•     74-84 

Lime    . 

0-37 

AlumiDa        • 

.     12-80 

'  Oxide  of  iron 

1-93 

Potash 

.      7-48 

Oxide  of  manganese 

0-12 

Magnesia 

.      0-99 

Fluoric  acid  •     .  . 

0-21 

These  are,  no  doubt,  somewhat  rough  approximations  to  the 
truth,  but  they  will  probably  suffice  to  afford  a  general  idea  of 
the  chemical  compositions  of  such  granites.  .  It  would  appear, 
however,  that  a  small  proportion  of  lithia  may  not  be  unfre- 
quently  added  as  a  constituent  part  of  Cornish  granite,  since 
Dr.  Turner  has  detected  this  substance  in  several  of  the  micas 
contained  in  it.  The  following  are  his  analyses  of  a  brown  and 
a  grey  mica  from  Cornwall : — 


Brown  mica. 

Oraymiea. 
50-82 

Silica         .         .         .         . 

40*06 

Alumina    .         •         •         . 

22-90 

21 -^3 

Pmtoiide  of  iron 

27-06 

9-08 

Protoxide  of  manganette 

1-79 

Fluoric,  acid 

2-71    -    , 

4-81 

Potash 

4*30 

9.86 

Lithia 

200 

4-05 

100-82  99-95* 

If  we  take  Gmelin's  analysis  of  the  Bovey  tourmaline — silica 
35*20,  alumina  35-50,  oxide  of  iron  17*86,  oxide  of  manganese 
0'43,  boradc  acid  4*11>  soda  2*09,  magnesia  0*70,  lime  0*55 
— as  giving^  or  at  least  closely  approximating  to,  the  chemical 
composition  generally  of  Devon  and  Cornish  schorl,  we  should 
have  for  the  composition  of  schorl  rock,  formed  of  about  equal 
portions  of  schorl  and  quartz,  such  as  that  of  Roche  and  several 
other  places : — 


SiHca           .         .     67-600 

Boracic  acid 

.       2-055 

Alumina      .         .     17-750 

Soda  . 

.       1-045 

Oxide  of  iron        .       8-930 

Magnesia    . 

.       0-350 

Oxide  of  manganese    0 •  2]  5 

Lime  • 

.       0-275 

Whether,  therefore,  we  have  schorl  rock,  the  intermixture  of 
this  mineral  with  the  more  ordinary  compounds  of  the  granite^ 
or  the  common  granite  itself,  silica  forms  from  65  to  75  per  cent, 
of  the  conapound,  and  alumina  from  12  to  about  20  per  cent., 
the  other  ingredients,  potash,  soda,  magnesia,  lime,  lithia^  oxide 
of  iron,  oxide  of  manganese,  fluoric  acid,  and  boracic  acid,  being 
in  much  smaller  quantities. 

*  Brewster's  Edinburgh  Journal  of  Science  (1823),  vol.  ii.  p.  266. 
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Although  boracic  acid  may  only  Constitute  about  2  per  cent, 
of  a  schorl  rock  formed  of  equal  portions  of  schorl  and  quartz 
(and  this  rock  is  rare  compared  with  the  mass  of  the  common 
granitic  rocks  of  which  it  constitutes  a  part),  stilly  from  the  fre- 
quent occurrence  of  schorl  in  so  much  of  the  Devon  and  Cornish 
granite  and  in  the  veins  by  which  it  is  traversed^  there  must  as  a 
whole  be  a  vast  body  of  boracic  acid  locked  up  in  the  Cornish 
and  Devon  granites  and  elvans. 

If  we  consider  the  joints  which  traverse  the  granites  and 
elvans  to  have  been  produced  subsequently  to  the  consolidation 
of  those  portions  they  cut  through,  the  component  parts  of  the 
granites  and  elvans  have  often  arranged  themselves  differently 
adjoining  these  joints,  more  particularly  on  tlie  outskirts  of  great 
masses,  and  when  schorl  is  present,  than  between  them,  subse- 
quently to  such  consolidation.  In  the  schorl  filling  the  cavities 
of  large  decomposed  crystals  of  felspar  in  the  schorl  rock  near 
Trevalgan  (p.  161),  we  seem  to  have  conclusive  evidence  that  this 
mineral  may  be  decomposed  in  one  place  and  recomposed  in  an- 
other under  given  conditions, — ^transferred,  as  it  were,  from  one 
situation  to  another.  The  frequent  occurrence  of  schorl  in  the 
joints  of  some  granites,  more  particularly  in  connexion  with  oxide 
of  tin,  as  happens  in  the  Hensborough  mass,  and  the  disposition 
of  schorl  in  several  places,  as,  for  example,  among  the  Land's  End 
granite  between  Castle  Trereen  and  Pedn-mean-anmear,  and  other 
localities,  to  accumulate  towards  the  joints,  would  seem  to  show 
the  like  fugitive  character  of  this  mineral  under  similar  conditions. 
What  these  conditions  may  have  been  it  may  be  difficult  to  deter- 
mine, but  they  would  appear  analogous  to  those  under  which 
schorl  has  been  so  frequently  accumulated  among  tin  veins  in 
granite,  and  towards  the  walls  of  the  smaller  veins  in  which 
oxide  of  tin  occurs,  as,  for  example,  those  of  Balieswhidden  near 
St.  Just. 

The  variable  character  of  common  granite  itself  near  the  joints 
may  be  observed  in  many  localities,  and  is  very  conspicuous 
in  that  of  St.  Michael's  Mount,  which  is  generally  far  more 
quartzose  towards  the  joints  than  in  the  intermediate  spaces.  An 
arrangement  of  parts  which  would  appear  to  show  a  change  in 
the  position  of  the  constituent  chemical  ingredients  subsequently 
to  the  production  of  the  joints,  or  perpendicular  or  highly-inclined 
divisional  planes,  and,  therefore,  an  arrangement  produced  sub- 
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sequently  to  the  consolidation  of  the  rock,  if  the  joints  have 
been  produced  since  such  consolidation;  and  we  should  recollect, 
that  whatever  age  is  given  to  the  joints  in  the  granite  of  St 
Michaers  Mount  will  be  common  also  to  those  in  the  adjoining 
slate,  the  same  joints  traversing  both  equally,  no  unconunon  cir- 
cumstance at  the  junction  of  the  granite  and  schistose  rocks  of 
Devon  and  Cornwall,  but  one  which  may  be  frequently  observed*. 
It  would  appear,  therefore,  that  the  constituent  portions  of  the 
granitic  rocks  of  the  district  not  only  arranged  themselves  in  a 
variable  manner,  more  particularly  on  the  outskirts  of  the  masses 
before  consolidation  f,  but  also  that,  since  their  consolidation, 
conditions  have  arisen  to  modify  portions  of  these  rocks  minera- 
logically^  the  divisions  into  joints,  and  the  larger  dislocations  tra* 
versing  them,  having  constituted  part  of  such  conditions,  for  into 
and  adjoining  them  there  appears  to  have  been  either  a  frequent 
movement  of  schorl  and  quartz,  and  occasionally  of  felspar,  or 
substances  were  in  solution  in  these  fissures  which  modified  the 
mineral  structure  of  the  granite  adjoining  them.  The  granitic 
rocks,  elvans  included,  are  much  divided  by  joints;  the  great 
granitic  masses  are  often  cut  by  granite  veins  and  elvans,  and  the 
whole  is  frequently  traversed  by  dislocations  of  different  ages,  so 

*  lUuttrations  of  this  ciicomitance  are  given  by  Dr.  Boate  in  his  Treatise  on 
Prinaiy  Geologj,  p.  126,  fig.  6,  and  p.  127,  fig.  7.  AAer  noticing  the  appearances 
mStik  at  the  junction  of  the  granites  and  slates  at  Pohnear  Cove,  St.  Michael's 
MoaBi,  Mooa^iolc,  Roeemodris,  and  Cape  Cornwall,  he  observes,  **  In  several  spots 
at  the  places  now  referred  to,  the  lines  of  structure  are  distinctly  and  regularly  con- 
tioned  through  hoth  the  granite  and  the  thite."— P.  129. 

t  The  rdatiTe  fusibility  of  the  different  varieties  of  granite  may  often  have 
csosed  their  lelmtive  positions  in  the  chief  masses.  This  fusibility  certainly 
aems  to  diflbr  in  the  granites  of  the  same  masses,  those  containing  the  greatest 
^oantitj  of  noica  without  lithia  being  most  refractory,  while  those  with  lithia-mica 
ue  far  le*s  so.  In  some  experiments  on  the  fusibility  of  rocks  made  jointly  with  Mr. 
L.  Lfewdyn  DiUwyn,  at  the  Cambrian  Pottery,  Swansea,  we  found  that  the  Cornish 
giaaites  and  elrans  were  melted  at  a  temperature  about  equal  to  that  required  for 
tttoag  malleable  iron,  those  which  contained  the  black  uon-lithia  micas  generally, 
hoeever,  presenting  that  mineral  unfuaed.  It  is  remarkable  that  the  granites  and 
tlvaas  all  become  vesiailar  when  first  melted,  the  cause  of  which  we  have  not  yet 
ssecrtained.  It  may  be  interesting  to  notice,  as  showing  the  difierent  fusibility  of 
tlie  Cornish  and  Devon  granitic  and  tnippean  rocks»  that  in  these  and  other  ezperi- 
weaU  we  have  generally  found  the  latter  to  enter  mto  ftision  at  about  the  tempexa- 
tnc  at  which  copper  melts.  The  difoence  in  the  heat  required  for  melting  of  these 
gnailic  and  tiappean  rocks  is,  therefore,  considerable ;  for,  according  to  Daniel, 
Uis  poiat  eC  fusion  of  copper  is  at  1996  Fahr.,  while  the  heat  required  for  the  fnsion 
•f  sisUaable  iron  is  the  greatest  which  can  be  obtained  in  a  smith's  forge. 
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that  there  would  appear  no  want  of  fissures  into  which  water 
charged  with  matter  derived  from  the  granite  might  percolate,  or 
from  which  aqueous  solutions  of  different  kinds  might  be  infiltrated 
into  the  granite*. 

*  The  decomposed  granites  of  St  Stephen*!,  St.  AiisteU,  Roche,  and  Breagae, 
fonn  the  more  prominent  examples  of  changes  afiEeeted  in  the  granite  of  this  district 
The  change  is  particularly  striking  when  we  find  hard  lodes,  as  at  St  Austell  Hill 
mines,  or  the  contents  of  joints  or  quartzo-schorlaceous  portions  adjoining  them,  as 
in  Carglase  tin-mine,  standing  out  in  relief  from  amid  the  decomposed  granite  in 
which  they  were  once  included,  the  lodes  and  the  substances  actually  betweea  the 
joints  having  probably  been  fissures  when  the  granite  was  solid  on  both  sides  of 
them. 
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CHAPTER  VII. 

RED  SANDSTONE  SERIES* 

Resting  upon  the  disturbed  beds  of  the  sedimentary  deposits 
preriously  noticed,  and  upon  the  bent  or  uplifted  strata  of  the 
carboniferous  limestone  which  occurs  on  the  borders  of  the 
Bristol  Channel  on  the  north  of  the  district,*  we  find  a  series  of 
beds  of  variable  thickness,  and  as  a  mass  extremely  arenaceous, 
though  the  lower  portions  generally  contain  much  breccia  or 
conglomerate,  and  the  upper  parts  principally  consist  of  marls. 
The  cementing  matter  of  the  conglomerates  and  sandstones  is 
chiefly  stained  red,  while  the  marls,  though  red  in  the  inferior 
parts,  are  commonly  variegated  in  the  higher,  where  tints  of  blue, 
green,  and  several  light  colours  prevail.  To  this  series  the  name 
of  new  red  sandstone  has  been  long  assigned  by  English  geologists, 
to  distinguish  it,  as  previously  noticed,  from  the  old  red  sandstone, 
one  very  inappropriate  in  the  present  state  of  geological  know- 
ledge, instead  of  which,  that  of  poicilitic  has  been  suggested 
by  Mr.  Conybeare. 

Commencing  with  the  north  of  the  district,  we  see  on  the 
oorthem  side  of  Worle  Hill,  and  near  Kewstoke,  as  shown  in 
the  annexed  section  (fig.  23),  a  red  marl  and  sandstone  (c),  prin> 
cipally  the  former,  resting  with  a  dip  to  the  northward  upon  beds 
of  carboniferous  limestone  (d),  which  dip  to  the  south,  a  section 

*  ThoQ^  small  portions  of  carboniferous  limestone  occur  at  Middle  Hope  Hill 
(oMr  Wick  St.  Laurence),  Worle  Hill  (near  Worle  and  Wevton-super-Mare),  Brean 
A:wa  Cnear  Uphill),  and  Bleadon  Hill  (between  Hutton  and  Bleadon),  in  the  nurth- 
CMk  piitof  the  district,  it  has  been  considered  advisable  to  abstain  from  any  detailed 
'naiption  of  this  rock  in  Ihose  localities,  inasmuch  as  its  relation  to  the  group  of 
vfaxh  it  fimns  a  part,  and  that  of  the  group  itself  to  the  general  series  of  rocks 
dntloped  in  soutb-weitem  England,  could  scarcely  be  rendered  intelligible  without 
a  aecoont  of  the  cmrboni&xoos  group  of  the  district  of  the  Mendip  Hills  and  Bristol, 
of  vUeh  thaso  pottions  of  caiboniiiBrous  limestone  geologically  form  a  part.  For 
^esaipftioiis  of  these  localities  in  connection  with  that  district,  we  refer  to  the  very 
cvtOesi  memoir  of  the  Rer.  Dr.  Buckland,  and  the  Rev.  W.  D.  Conybeare,  on  the 
SoetlMrestern  Coal  District  of  England,  Geological  Transactions,  2nd  series,  vol.  i. 

^^lo. 
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clearly  showing  that  the  latter  were  either  tilted  up  prior  to  the 
deposit  of  the  former,  or  were  worn  away,  supposing  them  to 

Fig.  23. 
I^tfrth.  Worle  HUL 


have  been  formed  as  highly  inclined  as  we  now  find  them,  so 
that  the  red  marl  and  sandstone  were  deposited  on  their  abraded 
edges.  Lias  (6)  reposes  upon  the  red  marl,  and  indeed  seems 
to  graduate  into  it,  plunging  beneath  the  alluvial  flat  (a),  through 
and  into  which  these  and  some  other  hills  rise  or  project,  like 
islands  and  promontories. 

A  short  distance  from  the  spot  where  this  section  is  taken, 
concretions  of  a  yellowish  magnesian  limestone  begin  to  appear 
in  the  marl  adjoining  the  subjacent  carboniferous  limestone, 
gradually  increasing  eastward,  so  that  towards  the  eastern  side  of 
the  hill  it  has  acquired  a  fair  thickness,  and  contains  some  frag- 
ments of  the  rock  upon  which  it  reposes.  On  the  south  of  Worle 
Hill  a  line  of  this  magnesio-calcareous  rock  extends  along  its  base 
from  Weston-super-Mare  to  Worle,  plunging  beneath  the  alluvial 
flat  above  mentioned  Here  also  it  sometimes  cements  fragments 
of  the  carboniferous  limestone  on  which  it  rests. 

On  the  north  and  south  sides  of  Bleadon  Hill  we  observe 
similar  facts,  with  the  exception  that  the  arched  position  of  the 
beds  of  carboniferous  limestone  there  brings  the  superjacent 
deposits  into  a  more  conformable  position  with  them.  Here  also 
the  red  marl  and  sandstone  sometimes  rest  directly  upon  the 
carboniferous  limestone,  while  at  others  they  are  separated  from 
it  by  the  magnesio-calcareous  rock,  or  by  a  conglomerate  or 
breccia,  of  which  that  rock  forms  the  cement,  as  may  be  seen  near 
Hutton,  and  at  Shiplate  and  Shiplate  Wood. 

Several  miles  of  flat  country  intervene  between  these  red  marls, 
sandstones,  and  magnesio-calcareous  rocks  and  their  next  appear- 
ance above  it  in  the  direction  of  Bridgewater,  where  variegated 
and  red  marls,  and  red  sandstones,  are  seen  to  emerge  in  several 
places  above  their  alluvial  covering,  a  main  mass  exten,ding 
from  the  Parrett  to  the  grauwacke  of  the  Quantock  Hills,  upon 


Digitized  by  VjOOQIC 


RED  SANDSTONE  SERIES.  195 

which  it  rests,  running  into  little  coves  and  round  promon- 
tories^ in  the  same  manner  that  the  alluvial  flats  near  Bridge- 
water  run  into  coves  and  round  promontories  formed  of  these 
red  deposits  themselves,  and  surrounding  islands  near  Radlet 
and  Cannington,  in  the  same  manner  that  islands  oF  red  marl, 
sandstone,  and  lias  rise  through  the  clay  and  sands  of  the  Bridge- 
water  levels  at  Chedzoy,  Paulet,  and  Brent  Knole.  Indeed,  the 
grauwacke  of  the  Quantock  Hills  rises  as  an  island  above  the  red 
marl,  sandstone,  and  conglomerate  which  surround  it,  being  much 
indented  by  coves  and  bays  on  the  east,  with  scattered  outstanding 
islands  of  the  same  rocks  off  this  imaginary  coast,  while  more 
evoi  lines  mark  the  trough  or  channel  of  the  red  sandstone  series 
that  extends  between  the  Quantocks  on  the  east,  and  the  grau- 
wacke of  the  Exmoor  district  on  the  west,  and  from  Ash  Priors 
and  Bishop's  Lydeard  on  the  south,  to  Williton  on  the  north. 

Tliough  conglomerates  are  not  absent,  red  sandstones  and  marls 
diiefly  abound  on  the  north-east  side  of  the  Quantocks,  the  marls 
being  varic^ted  in  the  higher  part  of  the  mass,  where  it  passes 
into  the  lias  that  ranges  from  East  Quantock*s  Head  by  Stoke- 
courcy  to  Otterhampton  on  the  east.  In  the  trough  or  channel 
on  the  west  of  the  Quantocks,  the  lower  beds  are  principally 
fomed  of  a  claret-coloured  sandstone,  above  which  a  con- 
glomerate occurs,  consisting  of  a  magnesio-calcareous  cement, 
uniting  fragments  or  rounded  portions  of  the  adjacent  grauwacke, 
and  reminding  us  of  the  magnesio-calcareous  beds  near  Worle  Hill 
and  Bleadon.  Two  lines  of  these  conglomerates  may  be  traced, 
though  somewhat  interrupted,  on  each  side  of  this  trough  or 
channel  of  the  red  sandstone  series,  one  on  the  west  from  near 
Willxton  by  Capton,  Vellow,  Stogumber,  Vexford,  and  Coleford 
Water,  to  Will,  uear  Lydeard  St.  Laurence,  the  other  from 
Lawford  and  Robbuck  near  Crowcombe>  by  Riches  Holford  and 
Yard  Farm,  towards  West  Combe,  between  Combe  Florey  and 
Codidstone.  These  bands  are  readily  traced,  as  the  conglomerate 
is  frequently  worked  for  lime,  more  particularly  when  it  contains 
pebbles  of  grauwacke  limestone,  which  are  found  in  it  more 
especially  between  Stogumber  and  Williton.  The  beds  which 
rest  an  these  conglomerates  are  principally  arenaceous,  filling  up 
the  central  parts  of  the  trough  or  channel. 
Similar  conglomerates  occupying  similar  geological  positions 
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are  obsenred  in  two  or  three  situations  where  this  channel  of  red 
sandstone  rocks  opens  out  on  the  north,  and  the  line  of  the 
grauwacke  trends  away  to  Minehead.  They  may  be  seen  at 
Beggcam  Huish  and  Tarr,  on  the  south  of  Washford,  and  at 
Alcombe  near  Minehead.  The  conglomerates  of  the  latter 
locality  have  been  minutely  described  by  Mr.  Leonard  Homer,* 
to  which  description,  and  an  excellent  account  of  the  red 
sandstone  of  this  part  of  Somerset,  generally,  we  must  refer  for 
greater  detail  than  the  plan  of  this  report  would  permit 

The  mass  of  this  series  from  Williton  to  Minehead  is  princi- 
pally arenaceous  or  marly,  the  latter  rock  prevailing,  and 
becoming  variegated  towards  the  covering  of  has  that  extends 
on  the  north  of  it  from  Blue  Anchor  by  St  Decumans  and 
Watchet,  towards  St.  Audries.  Very  instructive  sections  of  the 
upper  variegated  marls,  and  of  its  passage  into  the  super- 
incumbent lias,  may  be  observed  on  the  coast  from  Blue  Anchor 
to  Watchet»  and  from  thence  to  the  cove  on  the  north  of  Rydon, 
notwithstanding  the  great  contortions  and  faults  which  are  so 
common  on  it.  A  considerable  abundance  of  gypsum,  both  red 
and  white,  principally  the  latter,  characterizes  these  marls,  some- 
times occurring  in  veins,  as  represented  in  fig.  24,  the  chief  veins 

Fig.  24. 


corresponding  with  the  planes  of  the  beds,  the  irregular  and  more 
upright  strings  communicating  through  the  marls  between  them. 
The  gypsum  also  occurs  in  isolated  lumps  in  the  marls  without 
any  immediate  connection  with  other  nodules  or  veins,  and  both 
the  gypseous  veins  and  nodules  are  more  prevalent  to  the  west- 
i^ard  than  to  the  eastward  of  Watchet. 

In  the  gulf  occupied  by  the  red  sandstone  series,  amid  the 
grauwacke,  from  Porlock  by  Holnicote,  Luckham,  and  Wotton 

*  In  his  valuable  memoir  on  the  Geology  of  South-weitarn  Somerset,  Tmns,  Qeol. 
Soeiety  of  London,  vol.  iii.  p.  358. 
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Courtney^  towards  Tlmberscombe,  we  again  find  a  line  of  con- 
glomerate with  a  magnesio-calcareous  cement  in  sufficient  quantity 
to  make  the  rock  worth  working  for  lime  (when  the  siliceous 
pebbles  are  removed),  running  from  Doverhay  by  Luckham  to 
Huntsgate,  and  two  patches  of  similar  conglomerates  at  Knoll  and 
Well  Farm.  The  lower  portion  of  the  series^  on  the  southern 
side  of  this  gulf,  is  also  remarkable  for  the  presence  of  red 
hematite  iron  in  such  abundance,  that  it  is  in  some  localities 
worked  in  the  manner  of  a  quarry  for  that  ore,  and  profitably 
exported  in  the  state  in  which  it  is  thus  roughly  obtained,  large 
patches  in  the  body  of  the  rock  being  wholly  composed  of  it,  and 
the  haematite  constituting  as  much  a  part  of  the  beds  as  the 
sandstones  and  conglomerates  with  which  it  is  associated.  This 
ore  is  found  on  the  east  and  west  of  Luckham  and  at  Brockwell, 
and  may  be  seen  in  other  parts  of  the  same  line  of  rocks.  Strings 
of  rich  black  hsematite  may  also  be  observed  among  the  con- 
glomerates and  sandstones  near  Luckham. 

On  the  south  of  the  channel  of  red  sandstone  and  conglomerates 
between  the  Quantocks  and  the  grauwacke  of  the  Exmoor  range, 
tb»  series  opens  out  widely  from  the  Parrett  on  the  east  to 
Wiveliscombe  on  the  west,  passing  round  the  southern  part 
of  the  Qnantock  grauwacke,  and  being  bounded  by  lias  from 
West  Sedgmoor  to  the  vicinity  of  Blagdon  near  Pitminster,  and 
by  the  green  sand  of  the  Black  Down  Hills  from  thence  to  the 
neighbourhood  of  Culmstock,  supporting  both  these  rocks,  and 
leaving  an  exposed  tract  of  red  marl,  sandstone,  and  conglomerate 
open  between  the  western  end  of  the  Black  Down  Hills  and  the 
carbonaceous  series  of  Holcomb  Rogus. 

If  a  lino  be  drawn  from  Wiveliscombe,  through  Milverton,  to 
the  lias  near  Orchard  Portman,  Thurlbeer,  and  Stoke  St.  Mary, 
a  &ir  section  will  be  obtained  of  the  red  sandstone  series  as 
exhibited  in  the  country  commonly  known  as  the  Vale  of 
Taunton.  The  general  thickness  of  the  series  would  probably  not 
exceed  a  few  hundred  feet ;  for  though  the  distance  from  the  lowest 
part  near  Wiveliscombe  to  the  highest,  where  it  passes  into  lias 
near  Stoke  St.  Mary,  is  between  twelve  and  thirteen  miles,  the 
angle  of  dip,  even  omitting  any  additional  length  which  may  be 
acqaired  by  faults  letting  down  the  country  to  the  westward,  is 
generally  very  moderate,  in  some  places  nearly  approaching  to 
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horizontality.  From  this  small  angle  of  dip  the  breadth  of  the 
conglomerate  with  the  magnesio-calcareous  cement  that  stretches 
down  from  Williton  by  Stogumber  to  Lydeard  St  Laurraice,  is 
considerable  between  Pitbeer  and  Westleigh,  and  nearly  two 
miles  across  between  Ford  (near  Wivelisoombe)  and  its  eaatem 
boundary  near  Fitzhead. 

This  conglomerate,  extensively  worked  for  the  lime  in  the  ce- 
menting matter^  is  well  seen  near  Wiveliscombe  occupying  the 
higher  parts  of  hills  which  are  cut  by  valleys  of  denudation. 
The  following  sketchy  fig.  25^  will  serve  to  exhibit  the  mode  of 

Fig.  25, 

Main  Down.  Wivellteombe.  CasUe  HOL 

a 


occurrence  of  the  various  rocks,  a  a  being  the  conglomerate, 
composed  of  portions  of  the  adjoining  and  subjacent  grauwacke 
cemented  by  magnesio-calcareous  matter;  b  b,  red  sandstone, 
which  may  be  about  140  or  180  feet  thick,  and  d  d,  grauwacke 
upon  whidi  the  whole  rests  uncenformably.  This  section  will  be 
also  useful  in  showing  that  the  conglomerate  may  once  have 
formed  a  continuous  line  of  rock,  not  only  across  the  small  valley 
of  denudation  r,  but  also  across  the  country  between  the  Castle 
Hill  and  the  grauwacke  of  Main  Down  Hill.  Indeed  the  filling 
up  of  this  space  would  appear  necessary  for  the  transport  of  the 
rolled  pebbles  from  the  grauwacke  on  the  west  to  the  portions 
of  conglomerate  still  existing  and  dipping  beneath  more  modern 
parts  of  the  red  sandstone  series  on  the  east,  between  Milverton 
and  Combe  Florey. 

Above  this  conglomerate,  which  may  be  traced  uninterruptedly 
by  Milverton,  Langford  Budville,  and  Runnington  to  Thorn  St. 
Margaret  on  the  south,  where  it  becomes  thin  and  fines  off  by 
Thorn  Farm  towards  Crossway  House^  red  sandstones  chiefly 
abouiKl,  mingled  occasionally  with  some  marls.  A  good  section 
of  part  of  these  beds  may  be  seen  in  the  deep  cutting  of  the  high 
road  from  the  White  Ball  Inn  to  Beam  Bridge  near  Sampford 
ArundeL  Approaching  the  lias  the  marls  gradually  prevail  and 
become  variegated  where  this  series  passes  up  into  it.     Good 


Digitized  by  VjOOQIC 


RBD  SANDSTONE  SVRIBS.  199 

sections  of  this  passage  and  of  the  variegated  marls  may  be  seen 
OD  the  hill  side  between  Stoke  St.  Mary  and  Stoke  HiU  House> 
and  along  the  escarpment  capped  by  lias  extending  from  Hatch 
Beanchamp  towards  Langport^  and  rising  on  the  south  of  West 
Sedgemoor. 

l^e  red  sandstone  series,  after  passing  round  by  Holcomb 
Rogus,  runs  into  a  gulf  among  the  carbonaceous  system  of  North 
DeT<m  in  the  direction  of  Tiverton,  isolating  the  limestone  of 
Westkigh.  From  the  outlying  patches  of  red  conglomerate  and 
sandstone  on  the  west  of  Hockworthy,  and  at  Houndsmoor,  on 
the  north  of  Uploman,  this  series  must  once  have  more  exten* 
sively  covered  the  adjoining  carbonaceous  rocks  than  we  now  find 
it  In  this  direction  we  again  meet  with  the  magnesio-calca- 
reous  conglomerate  near  Sampford  Peverell  (where  it  is  worked 
for  lime),  in  the  same  relative  position  as  is  observed  on  the 
north,  limestone  such  as  that  observed  at  Westleigh  and  Hol- 
comb Rogos  being  found  among  the  pebbles  of  which  the  con- 
glomerate is  composed. 

Rvoeeding  westward  towards  the  end  of  this  gulf  we  first  find 
rocks  of  an  igneous  character  associated  with  the  red  sandstone 
and  conglomerate  from  Washfield,  on  the  north  of  Tiverton,  to 
Sidborougfa  near  Loxbere.  These  igneous  rocks  are  of  very 
variable  character,  being  sometimes  porphyritic,  at  others  forming 
a  more  compact  mass.  The  greater  proportion  of  them  are,  how- 
ever, sooriaoeous,  showing  that  the  vapours  or  gases  contained  in 
them,  while  in  a  state  of  fusion,  were  not  subjected  to  any  very 
powerful  pressure  when  they  were  erupted.  A  vesicular  porphyry 
b  not  ancommon  on  the  western  side  of  the  mass.  The  relative 
position  of  these  rocks  will  be  understood  by  means  of  the  maps 

Tig.  26. 


CaWerletgfa, 


and  the  annexed  section,  in  which  a,  a  represent  beds  of  the  carbo- 
naeeoos  series  bounding  this  gulf  on  the  north  and  south ;  b,  a 
coDglraoerate  wholly  composed  of  portions  of  the  subjacent  car- 
bonaceous rocks  cemented  by  red  sandstone  and  argillo  arenaceous 
matter,  no  fragment  of  the  igneous  rocks  being  observed  in  it ;  c, 
the  igneous   rocks;  and  dy  conglomerates  and   sandstones,    the 
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former  containing  fragments  of  the  igneous  rocks  above  noticed> 
or  of  others  possessing  a  similar  general  character.  Geological 
events^  therefore,  would  appear  to  have  succeeded  each  other  in 
the  following  order  in  this  locality : — 

1.  A  subaqueous  valley  or  depression  in  the  carbonaceous 
series  existing  subsequently  to  the  contortions  which  this  series 
has  suffered. 

2.  A  deposit  of  detrital  matter  derived  from  the  subjacent  car- 
bonaceous series. 

3.  The  eruption  of  igneous  rocks  under  somewhat  moderate 
pressure. 

4.  The  deposit  of  detrital  matter  derived  in  a  great  measure 
from  the  surrounding  and  subjacent  carbonaceous  grits  and  slates, 
mingled  with  the  fragments  of  the  igneous  rocks»  which  were 
necessarily  pre-existing. 

In  connexion  with  the  eruption  of  the  igneous  rocks  and  the 
deposit  of  detrital  matter  subsequently  to  it»  it  remains  to  be 
noticed  that  along  the  range  of  the  igneous  rocks^  particularly  od 
the  north,  a  sand  occurs,  here  and  there  mingled  with  the  more 
common  red  sandstone,  which  bears  a  very  great  resemblance  to 
a  volcanic  product.  Indeed  the  resemblance  is  so  strong,  and  its 
occurrence  among  the  ordinary  red  sandstone  such,  that  we  are 
led  to  infer  that  it  may  have  been  ejected  in  the  manner  of  mo- 
dem volcanic  sand  from  a  crater  or  fissure,  and  that  falling  into 
water  it  became  intermingled  with  sands  and  other  detritus  then 
depositing  at  the  bottom. 

The  facts  here  noticed  in  the  Hverton  gulf  are  by  no  means 
confined  to  it,  but  are  seen  also  at  the  eastern  part  of  the  long 
line  of  red  sandstone  and  conglomerate  which  extends  from  Brad- 
ninch,  Silverton,  Kellerton,  Broad  Clist,  and  Huxham,  on  the 
east,  by  Crediton,  Bow,  North  Tawton,  and  Sampford  Courtney, 
to  Jacobstow  on  the  west,  at  the  entrance  of  which  we  find  isolated 
patches  of  the  carbonaceous  series  rising  through  the  red  sand- 
stones and  marls  between  the  Culm  and  Clist  Hydon,  and  between 
Kellerton  and  St  Laurence  Clist,  Bray  Down  forming  part  of 
the  latter.  A  large  mass  of  these  igneous  rocks  occupies  the  high 
ground  in  Kellerton  Park,  where  they  may  be  very  advantageously 
studied,  a  long  line  extending  from  it  by  Budlake  and  Chiphele. 
Other  patches  are  seen  on  the  south  of  Kilnland  and  on  the  south 
of  Spraydown  House.     The  igneous  rocks  associated  with  the 
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red  sandstone  near  Thorverton,  and  between  Rew  and  Silverton^ 
occur  in  east  and  west  lines,  resembling  in  that  character  lines  of 
dykes.  When,  however,  we  examine  carefully  into  their  mode  of 
occurrence,  they  rather  appear  sections  of  erupted  igneous  matter 
contempwaneously  intermingled  with  the  red  sandstones  and  con- 
glomerates with  which  they  are  associated,  as  if  igneous  action^ 
the  chief  seat  of  which  was  at  Kellerton  Park,  accompanied  the 
deposit  of  this  part  of  the  red  sandstone  series,  and  these  sections 
irere  something  analogous  to  sections  of  lava  currents.* 

Including  the  large  patch  of  these  igneous  rocks  at  Posbury 
Hill  on  the  south-west  of  Crediton,  and  those  on  the  west-north- 
west of  the  same  place  near  Cross  Farm,  Wellgrove,  Knole 
Lake,  and  Knole  Farms,  we  find  the  harder  parts  of  the  various 
igneous  products  (frequently  worked  in  large  quarries)  to  descend 
in  mass  downwards,  as  if  filling  up  some  crater  or  fisstire  through 
which  these  rocks  had  been  vomited,  while  the  scoriaceous  va- 
rieties run  more  horizontally  away  among  the  beds  of  red  sand- 
stone fining  ofi*,  however,  under  such  conditions  in  a  manner 
which  modem  lavas  that  flow  in  the  atmosphere  are  not  known  to 
do.    We  can  readily  conceive  that  the  same  mineral  compound 
would  present  very  different  appearances  if  in  the  one  case  it  were 
retained  to  cool  slowly  in  the  pipe  or  fissure  of  a  volcanic  vent, 
the  lower  part  under  the  pressure  of  the  higher,  while  in  the 
other  it  flowed  in  a  comparatively  thin  sheet,  pressed  only  by  a 
moderate  depth  of  water  or  by  the  atmosphere. 

In  the  vicinity  of  Cadbury  we  find  the  red  sandstone  series 
capping  the  tops  of  high  hills>  and  resting  upon  beds  of  the  car- 
booaeeous  system:  it  also  runs  on  high  land  in  the  direction 
of  Sandford,  near  Crediton,  continuing  thence  upon  elevated 
ground  to  Sampford  Courtney  and  Exbourn.  At  Hatherleigb 
aho  the  outlying  patch  of  red  sandstone  and  conglomerate  which 
there  occurs  is  upon  moderately  elevated  land*  Nearly  the 
ivfaole  of  this  stripe  of  red  sandstone  and  conglomerate,  extending 
about  twenty- five  miles  from  Bradninch  to  Jacobstow,  dips  to  the 
south.  This  may  arise  from  the  detritus  of  which  it  is  composed 
having  been  drifted  from  the  northward,  and  thus,  accumulations 
not  having  taken  place  on  the  south  side  of  any  gulf  which  may 

*  Tbe  intimate  connexion  of  the  igneous  rocks  of  Thorverton  and  Silverton  with 
ikt  red  taodetone  §eriei  was  pointed  out  in  1821  by  the  Rev.  J.  Conybeare. — ^Annals 
of  Philosopby,  new  series,  vol.  ii.  p.  161. 
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here  have  existed  among  the  carbonaceous  series,  the  inclined 
beds  formed  by  a  drift  from  the  north  may  have  been  made  to 
terminate  suddenly  without  a  reversed  dip  against  the  older 
rocks  on  the  south.  Be  this  as  it  may,  the  gulf-like  form  of  the 
stripe  is  in  part,  at  least,  produced  by  a  great  east  and  west  fault 
which  can  be  traced  from  near  Poltimore  on  the  east  by  Huxham» 
Upton  Pyne,  and  Woodleigh  near  St.  Cyres,  to  the  mass  of 
igneous  rocks  at  Posbury  and  Posbury  Hill  on  the  west,  by  which 
the  edges  of  red  sandstone  beds  dipping  south,  and  those  of  the 
carbonaceous  series  dipping  north,  are  brought  suddenly  into 
contact. 

The  chief  rocks  in  this  long  stripe  are  conglomerates  and  sand- 
stones, the  former  containing,  besides  rounded  fragments  of  the 
adjoining  carbonaceous  sandstones  and  slates,  pebbles  of  porphy- 
ritic  rocks,  and  some  which  seem  rolled  fragments  of  Dartmoor 
granite.  It  becomes  more  arenaceous  near  Crediton,  and  even 
marls  are  mingled  with  it  from  thence  to  the  £xe. 

On  the  east  of  a  line  from  Holcomb  Rogus  and  Westleigh  to 
CuUumpton,  and  thence  round  the  isolated  patches  and  project- 
ing portions  of  carbonaceous  sandstones,  slates,  and  shales  which 
occur  near  that  town,  Clist  Hydon,  and  St.  Laurence  Clist,  to 
Pinho  near  Exeter,  a  mass  of  red  sandstone  and  marls  extends 
towards  the  Black  Down  Hills,  few  conglomerates  being  inter- 
mingled with  these  rocks.  The  valleys  of  denudation  that  cut 
through  the  green  sand  which  caps  the  Black  Down  Hills  show 
that  the  red  sandstone  series  is  continued  under  them  to  the  higher 
part  of  the  valley  of  the  Yart,  where  it  becomes  covered  by  Has. 
As  lias  is  not  detected  in  the  higher  part  of  the  valley  of  the  Otter, 
the  boundary  between  it  and  the  red  sandstone  series  would  ap- 
pear to  sweep  round  beneath  the  green  sand  of  the  Black  Down 
Hills  at  Brown  Down  and  Otterford,  joining  that  whidi  emerges 
from  under  the  green  sand  of  these  hills  on  the  south  of  Angers 
Leigh,  where  the  lias  is  seen  to  rest  upon  the  red  and  variegated 
marls. 

Passing  round  the  promontory  of  carbonaceous  sandstones  and 
slates  which  projects  into  the  red  sandstone  series  near  Pinho, 
two  patches  of  igneous  rocks  of  the  same  character  as  those  which 
occur  at  Thorverton  and  Kellerton  are  found  at  the  base  of  that 
series,  one  near  Poltimore,  the  other  near  West  Clist  on  the  high 
road  from  Broad  Clist.  Continuing  a  course  thence  to  Exeter  along 
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the  boundaiy  of  the  series,  red  sandstones  and  conglomerates  are 
obsored  to  rest  upon  the  edges  of  the  older  rocks  to  that  city^  where 
aoother  patch  of  similar  igneous  rock  occurs,  forming  the  hill  on 
which  Rougemont  Castle  is  situated.  Judging  from  the  stones  in 
the  old  walls  of  this  castle,  a  large  proportion  of  which  were  pro- 
bably taken  from  the  spot  on  which  it  is  built,  vesicular  rocks  must 
hare  been  comm<mly  quarried  at  that  period  on  Rougemont,  some 
of  this  rock  bdng  porphyritic  from  the  dissemination  of  crystals  of 
feispBr  through  the  mass.  A  good  section  of  part  of  the  igneous 
Todcs  of  this  hill  was  exhibited  two  or  three  years  since,  when  a 
new  road  to  Tiverton  was  cut  through  part  of  its  base :  much 
fesMular  rock  was  seen,  the  vesicles  often  containing  a  green 
earthy  mineral  readily  removed  by  atmospheric  influences.  The 
igneous  rocks  were  also  found  to  be  singularly  intermingled  on 
the  eastward  with  marl  and  sandstone.  The  principal  base  of 
these  rocks  would  appear  to  be  a  dark  reddish-brown  siliceo-fels- 
patliic  substance,  similar  to  that  which  occurs  at  Thorverton, 
Silverton,  and  Kellerton. 

At  the  deep  cut  through  Pocombe  Hill  on  the  road  from 
Exeter  to  Moreton  Hamstead  and  Okehampton,  igneous  rocks  of 
the  same  general  character  are  observed  to  rest  upon  the  edges  of 
the  slates  of  the  carbonaceous  system,  and  to  support  the  red 
sandstones  which  occur  on  the  hill  towards  Exeter.  The  Pocombe 
rock  is  chiefly  a  hard  silioeo-felspathic  compound  with  occasional 
though  not  numerous  vesicles,  and,  being  much  employed  for 
roads  and  buildings,  good  sections  of  it  may  readily  be  obtained. 
Hie  vesicular  character  is  more  apparent  in  its  continuation  on 
the  north  at  Little  Barley  than  at  the  great  quarry  near  the  high 
road. 

Judging  from  their  frequent  appearance  from  Exeter  to  Haldon 
Hill,  igneous  rocks  would  seem  to  occur  abundantly  at  the  base 
of  the  red  sandstone  series  in  this  part  of  the  area  occupied  by  it* 
Hiey  may  be  well  studied  between  Ide  and  Dunchideock,  resting, 
as  at  Pocombe,  on  the  edges  of  the  slates  or  sandstones  of  the 
caibonaceous  series.  Near  Western  Town  they  wiU  be  observed 
iotimalely  connected  with  the  red  conglomerates  and  sandstones 
above  them,  and  apparently  intermingled  with  red  conglome- 
nUe  near  Ideston  on  the  the  north  of  Dunchideock.  The  harder 
varieties  much  resemble  the  Pocombe  rock,  being  siliceo-felspathic 
and  of  a  dark  reddish-brown  colour.  Above  Ideston  and  Knole  we 
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find  porphyries  sometimes  containing  crystals  of  quartz,  at  others  of 
felspar,  and  occasionally  of  both  together — a  very  interesting  fact, 
inasmuch  as  it  is  the  only  locality  with  which  we  are  acquainted 
where  any  portion  of  those  quartziferous  porphyries,  of  which 
fragments  are  so  commonly  found  in  the  red  conglomerate  be- 
tween Exeter  and  Teignmouth,  occurs  in  place.  Igneous  rocks 
seem  to  form  the  base  of  the  red  sandstone  series  from  Dun- 
chideock  to  its  covering  of  green  sand  upon  Haldon  Hill,  behind 
Haldon  House,  resting  partly  upon  trappean  rocks,  which  we 
have  previously  noticed  (p.  112)  as  associated  with  the  car- 
bonaceous series  of  Ashton,  Cristow,  and  Bridford.  From  the 
neighbourhood  of  Exeter  to  the  sea  on  the  south  the  lower  part 
of  the  series  under  consideration  is  principally  formed  of  conglo- 
merates, composed  of  angular  fragments  and  rolled  portions  of 
the  various  sandstones,  slates,  and  limestones  on  which  they  rest, 
when  the  igneous  rocks  above  mentioned  are  not  interposed.  The 
conglomerates  of  Heavitree  were  long  since  noticed  by  Dr. 
Berger,"^  and  those  of  Dawlish  and  Teignmouth  have  been  de- 
scribed in  detail  by  the  Rev,  J.  Conybeare.f 

When  we  examine  the  fragments  of  igneous  rocks  in  this  con- 
glomerate we  do  not  find  many  portions  of  the  trappean  rocks 
associated  with  the  beds  near  them,  neither  have  we  been  able 
to  detect  any  granite  similar  to  that  of  Dartmoor  among  them, 
while  fragments  of  other  igneous  rocks,  chiefly  porphyries,  a  large 
proportion  of  which  are  not  known  to  occur  in  place,  are  extremely 
abundant,  more  particularly  along  the  line  of  the  Haldons  and 
on  the  coast  near  Teignmouth.  On  the  side  of  Little  Haldon 
Hill  there  are  blocks  of  quartziferous  porphyry  of  more  than  a 
ton  in  weight;  and  large  blocks  are  seen  included  among  the 
conglomerate,  apparently  a  continuation  of  the  same  part  of  the 
series,  on  the  coast  on  the  north  of  Teignmouth.  Some  of  the 
fragments  of  porphyries  contain  large  crystals  of  glassy  felspar 
two  or  three  inches  in  length.  The  chief  part,  however,  is 
composed  of  a  brown  or  reddish-coloured  base  with  smaller 
crystals  of  felspar  and  disseminated  crystals  of  quartz.  Upon 
carefully  examining  the  mode  of  occurrence  of  the  rolled  or  frag- 
mentary contents  of  these  conglomerates,  we  find  that  they  are  not 
arranged  according  to  specific  gravities  in  the  respective  beds  in 

*  Trans.  Geological  Society  of  Londou,  vol.  i.  p.  99  (181 1), 
t  Aonals  of  Philosophy,  new  serien,  vol.  i.  p.  254  (1821). 
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which  they  occur,  while  the  size  of  the  fragments  in  the  beds  varies 
materially,  a  bed  with  large  fragments  occurring  among  others 
oontaining  small  fragments,  and  occasionally  sandstones  being 
interstratified  with  the  conglomerates. 

In  Torbay  and  its  vicinity  we  find  a  mixture  of  red  conglo- 
merates and  sandstones,  the  former  abundant,  the  latter  com- 
paratively rare,  resting  upon  the  pre-existing  slates,  sandstones, 
and  limestones  in  an  unconformable  manner,  the  conglomerates 
being  composed  of  the  rocks  on  which  they  repose.  Except 
where  disturbed  by  faults,  or  so  close  to  them  that  they  have  been 
contorted  by  the  forces  which  have  produced  the  dislocations,  they 
rest  at  a  moderate  angle  upon  the  subjacent  beds,  filling  up  in- 
equalities which  have  existed  among  them  prior  to  the  deposit 
of  the  sandstones  and  conglomerates. 

At  Petit  Tor,  in  Babbacombe  Bay,  we  obtain  the  highly-inte- 
resting section  represented  beneath  (fig.  27).  An  arch  of  slate  (a) 
supports  beds  of  limestone  (6)  on  the  south,  which,  though  much 

Fig.  27. 
Su^k  Petit  Tor.  North. 


fractured,  are  still  traceable  as  strata,  while  on  the  north  the  con- 
tinuation of  the  same  beds  is  so  broken  up  that,  except  towards 
the  higher  part,  huge  fragments,  forming  the  lower  portion  (c)  of 
the  red  sandstone  or  poicilitic  series,  are  all  which  remain  of  it. 
From  the  highly-inclined  dip  of  the  thick  bed  in  which  the  great 
fragments  of  limestone,  often  weighing  several  tons,  occur  on  the 
north  of  this  arch,  we  are  led  to  consider  that  its  present  acute 
form  must  have  been  due  to  the  exertion  of  a  disturbing  force 
subsequently  to  the  formation  of  this  lowest  accumulation  of  frag- 
ments ;  for  both  they  and  the  contents  of  the  conglomerates  (d)  im- 
mediately adjacent  to  them  could  scarcely  have  been  accumulated 
at  the  high  angle  at  which  we  now  find  them.  As  we  are  not  to 
»ppoee  that  the  contorted  and  disturbed  condition  of  the  grau- 
wacke  and  carbonaceous  series  of  the  district  was  produced  at 
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one  single  moyement,  but  rather  that  the  squeezing,  rending,  and 
adjustment  of  the  beds  to  new  conditions  was  the  result  of  several 
movements^  geologically  contemporaneous,  inasmuch  as  the  cause 
which  produced  them  acted  at  one  geological  period,  the  lime- 
stone on  the  outside  of  the  arch  may  have  been  dislocated,  and 
even  reduced  to  large  fragments,  on  die  northern  side,  when  the 
curvature  was  less,  and  the  whole  may  have  been  squeezed  info 
a  more  acute  arch  subsequently  to  the  first  deposit  of  conglo- 
merates.    Whenever  the  arch  was  produced,  great  pressure  was 

Fig.  28. 


evidently  exerted  upon  the  rocks  composing  it ;  for  we  find  blocks 
of  limestone,  as  shown  in  the  annexed  sketch  (fig.  28),  fairly 
squeezed  into  the  shales  on  the  south  side. 

That  no  small  force  has  been  exerted  upon  the  stratified  rocks 
of  this  part  of  the  district  prior  to,  or  during  the  production  of,  the 
lower  part  of  the  new  red  sandstone  series  can  be  readily  seen  in 
many  places ;  and  considerable  dislocations  of  the  limestones  on 
which  it  rests  can  also  be  observed  in  the  range  of  the  Chudleigh 
limestone  where  this  series  reposes  upon  it  on  the  west  side  of 
Haldon  Hill,  similar  to  those  occurring  at  Petit  Tor,  the  cracks 
produced  at  that  time  in  both  localities  being  partly  filled  with 
the  finer  matter  of  the  conglomerate,  where  it  has  been  able  to 
penetrate,  and  by  the  usual  coatings  of  carbonate  of  lime  where 
it  has  not,  both  Idnds  of  filling  up  being  occasionally  observable 
in  the  same  fissure'^.     The  contorted  limestones  of  Hope's  Nose 

*  A  fiwure  filled  by  the  matter  of  red  eoDglomerate,  end  oecurrmg  in  the  Uoie- 
atone  on  the  east  tide  of  the  Petit  Tor  arch,  ia  represented  p.  363,  fig.  93,  of  the 
Oeological  Manual,  third  edition*  / 
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and  Torquay  afford  evidence  that  the  great  squeezing  forces  have 
not  been  confined  to  the  beds  of  the  carbonaceous  series  in  this 
part  of  the  district.* 

The  mode  in  which  the  red  sandstone  series  overlies  the  pre- 
existing rocks  in  the  vicinity  of  Torbay>  and  thence  towards  the 
Teign  on  the  north,  will  be  seen  by  reference  to  the  maps,  where 
itwOI  be  observed  that  the  limestones^  slates,  sandstones,  and 
trap  rocks  of  Torquay,  Tor  Moham,  and  St  Mary  Church  form 
an  island  surrounded  by  this  series,  a  triangular  mass  of  the  latter 
bring  wedged  in  it  by  the  arch  at  Petit  Tor  and  by  the  great 
fault  near  Babbacombe.  A  small  portion  of  limestone  rises 
through  the  covering  of  red  conglomerate  and  sandstone  between 
this  island  and  the  main  body  of  older  rocks  that  appears  at 
Abbots  Kerswell ;  and  other  small  patches  come  up  through  this 
series  at  Gallows  Gate  and  Compton,  where  the  red  sandstone 
and  conglomerate  stretch  westward  in  a  tongue  to  the  high 
road  from  Totnes  to  Newton  Bushell.  The  Paington  beds  com- 
municate with  the  red  sandstones  and  conglomerates  of  Tor 
Moham  and  King's  Kerswell  by  means  of  a  very  narrow  stripe 
skirting  the  clifis  at  the  bottom  of  Torbay  near  Livermead  ;  and 
their  unconformable  position  to  the  grauwacke  beneath  them  is 
well  exhibited  near  CoUaton  Kirkham.  The  rock  of  these  minor 
districts  is  generally  a  conglomerate  or  breccia  intermingled  with 
red  sandstone,  the  former  prevailing,  and  composed  of  frag- 
ments or  rounded  pebbles  of  the  older  deposits :  pebbles  of  red 
({uartziferous  porphyry  or  igneous  rocks,  of  the  kinds  previously 
noticed  as  associated  with  the  series  under  consideration,  becoming 
more  abundant  in  the  conglomerate  towards  the  Teign.  At  the 
Corbons  rocks,  in  Torbay,  and  in  the  line  of  beds  which  crop  out 

*  Hie  whole  coast  firom  Hope's  Nose  to  Petit  Tor  is  one  of  considerftble  geolo- 
gical interest.  At  Hope's  Nose,  as  noticed  in  the  text,  we  have  evidence  of  the 
greit  sqoeexing  forces  employed  in  the  contortions  there  seen,  and  which  we  have 
diewhere  figured  (Geol.  Trans.,  vol.  iii.,  second  series).  On  the  southern  side  of 
tbe  nme  point  there  is  an  excellent  example  of  a  raised  beach,  discovered  by  Mr. 
Aastsn,  At  die  Black  Head  we  find  a  portion  of  trap  rock  overlying  broken  beds 
<f  stale  wbbA  isinestone  (well  seen  in  the  cliff),  the  latter  having  been  apparently 
iltmdJ)y  the  beat  of  the  superincumbent  greenstone,  the  veins  in  which  near  the 
fassstoue  an  calcaivoos.  Veins  of  trap  are  observed  running  in  the  slate  beneath 
Ike  liBstitoniy  ipclnding  fragments  of  the  slate  at  Babbacombe.  A  great  fault 
•coat  between  Babbacombe  and  St.  Mary  Church,  by  which  the  red  conglomerate 
sei  isadsloBe  on  the  north  axe  brought  into  vertical  contact  with  limestone,  date, 
aai  Ib^  OB  the  south;  and  at  Petit  Tor  we  have  the  section  described  in  the  text. 
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between  HoUoway  Hill  andWatcombe,  crystals  of  Murchisohite* 
occur  somewhat  frequently  among  the  cement  of  the  conglo- 
merate. 

The  coast  from  Petit  Tor  to  Culverhole  Point,  between  Seaton 
and  Lyme  Regis,  affords  an  excellent  section  of  the  red  sand- 
stone series,  as  developed  in  South  Devon,  from  the  lowest  to  the 
highest  beds.  If  measured  in  the  usual  manner  across  the  various 
strata,  as  they  respectively  rise  on  the  coast,  with  every  allowance 
for  the  prolongation  of  the  series  by  means  of  numerous  faults 
that,  as  a  whole,  throw  the  country  down  to  the  westward,  again 
bringing  beds  to  the  level  of  the  sea,  which  without  these  faults 
would  have  disappeared  upwards,  the  collective  thickness  of  the 
mass  would  be  very  considerable. 

From  Petit  Tor  to  Dawlish,  though  red  sandstones  are  occa- 
sionally mingled  with  the  conglomerates,  the  latter  greatly  pre- 
vail, and  the  cementing  matter  is  somewhat  calcareous :  so  much 
BO  in  the  vicinity  of  the  Parson  and  Clerk  Rocks,  between  Teign- 
mouth  and  Dawlish,  that  druses  or  small  cavities  in  it  are  lined 
with  crystals  of  carbonate  of  lime.  This  calcareous,  or  rather 
tnagnesio-calcareous  cement  (for  carbonate  of  magnesia  appears 
also  mingled  in  it),  is  to  be  traced  towards  the  conglomerate  of 
Heavitree,  near  Exeter — not,  however,  very  continuously,  but  by 
means  of  patches  here  and  there  exposed. 

Near  Dawlish,  where  the  rocks  are  traversed  by  numerous 
faults,  red  sandstone  begins  to  prevail  in  abundance*  and  in- 
creases, though  here  and  there  mingled  with  conglomerates, 
to  Budleigh  Salterton,  beyond  which,  towards  Sidmouth,  red 
sandstone  beds  are  chiefly  found,-)-  becoming  gradually  inter- 
mingled with  red  marl ;  so  that  at  Branscombe  the  latter  almost 
constitutes  the  sole  rock,  containing  a  small  portion  of  gypsum. 
The  red  marls  of  Seaton  may  be  regarded  as  the  Branscombe 
beds  again  brought  up  by  curvature  under  the  chalk  and  green 
sand  of  Beer,  and  continued  thence  to  the  cliffs  near  Axmouth. 

*  This  mineral  contains,  according  to  the  analysis  of  Mr.  R.  Phillip*— siUea 
68*6,  alumina  16*6,  and  potash  14*8 :  a  composition  closely  i^roximating  to  fel- 
spar ;  Murchisoniie  bein}f  represented,  according  to  Dr.  Thomson,  by  the  formula 
3  A 1  SSi  +  K  S8i,  and  felspar  by  that  of  3  A  1  S*  +  KS«.^(ChiUine8  of  Mine- 
ralogy, &c,  Tol.  i.  p.  289,  292.)  The  same  mineral  occurs  in  the  conglomerate  of 
Heavitree,  near  Exeter. 

f  Buff-coloured  and  yellow  beds  are  sometimes  intermingled  with  the  red,  as  may 
be  seen  on  the  road  between  Starcross  and  Exeter ;  but  such  strata  are  not  cpnunon. 
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FVom  the  Axe  to  Culverhole  Point  there  is  a  fine  exhibition  of 
the  upper  part  of  the  series,  the  red  marls  gradually  becoming 
mixed  with  others  that  are  blue,  greenish,  and  of  different  light- 
coloured  tints,  and  which  crown  the  whole  and  support  the  lias. 
Unfortunately,  masses  of  chalk  and  green  sand,  fsdlen  from  the 
U^r  part  of  the  cliffs,  conceal  the  junction  of  these  two  rocks, 
and  it  is  not  easy  to  see  whether  they  do  or  do  not  graduate  into 
each  other  in  the  manner  observable  near  Watchet  and  Taunton. 
Judging,  however,  from  that  which  can  be  observed  at  Culverhole 
Point  and  at  Charlton  Bay,  still  further  east,  where  the  upper 
variegated  beds  are  brought  in  for  a  short  distance  by  a  fault, 
we  should  be  disposed  to  consider  that  the  red  sandstone  series 
and  lias  did  here  also  pass  into  each  other. 

The  inland  section  obtained  from  Exeter  to  the  Black  Down 
Hills,  and  among  the  valleys  in  those  hills,  agrees  very  closely, 
as  might  be  expected,  with  that  exhibited  on  the  coast.  It  was 
fcrmeriy  stated  that  in  the  northern  part  of  one  of  those  valleys, 
that  of  the  Yart,  the  red  sandstone  series  passed  under  the  lias, 
showing  the  boundary  between  these  rocks  in  that  direction.  For 
about  four  nules  to  the  southward  in  the  same  valley,  between 
Howlej  and  Yarty  House,  the  lias  is  not  seen,  and  the  boundary 
of  the  red  sandstone  series  would  appear  to  bend  considerably  to 
the  eastward  beneath  the  covering  of  green  sand,  as  the  lias  has 
not  been  found  in  the  tributary  valley  of  Furley  or  Rocky,  on 
the  north  of  Membury.  From  Yarty  House  and  Beckford  the 
boundary  of  the  red  sandstone  series  may  readily  be  seen  to  cross 
the  valley  of  the  Axe  near  Axminster,  the  variegated  marls  of 
the  higher  part  being  very  conspicuous  under  the  line  of  lias. 
Though  the  boundary-line  is  concealed  on  the  south  of  Axmin- 
ster by  the  overlap  of  the  green  sand  of  Trinity  Hill,  a  small 
patch  of  lias,  visible  at  the  head  of  the  Bruckland  valley,  near 
Combe  Pyne,  shows  that  it  runs  in  a  slightly  undulating  manner 
beneath  its  burden  of  green  sand  and  chsdk  to  Culverhole  Point. 

In  addition  to  the  mass  of  red  conglomerates,  red  sandstones, 
and  mark,  both  red  and  variegated,  above  noticed  as  sloping 
beneath  lias  on  the  east  and  resting  upon  a  variety  of  rocks  on 
the  west,  along  a  very  irregular  line  from  Torbay  on  the  south 
to  Minehead  on  the  north,  and  in  addition  also,  to  the  rocks  occu- 
pying the  gulf  at  Porlock  and  Holnicote,  so  near  Minehead  that 
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they  may  be  considered  to  be  connected  with  the  main  mass  on 
the  east,  more  particularly  by  the  scattered  patches  of  red  con- 
glomerate and  sandstone  in  the  valley  between  Dunster  and 
Timberscombe,  we  find  three  detached  portions  of  the  red  sand- 
stone series  (one  on  the  north  coast  and  two  on  the  south  ooast 
of  Devon),  which  become  highly  interesting,  as  they  carry  the 
original  deposit  much  further  westward  in  the  district  than  we 
might  otherwise  suppose. 

The  northern  patch  occurs  at  Portledge  Mouth  and  Pepper- 
combe,  in  Bideford  Bay,  about  sixteen  miles  from  the  nearest  red 
sandstone  and  conglomerate  at  Hatherlei^  (itself  an  outlying 
portion  of  tbe  long  stripe  extending  from  Crediton  to  Jacobstow), 
and  about  thirty-three  miles  in  a  direct  line  from  the  red  sand- 
stone and  conglomerate  of  Porlock.  The  area  occupied  by  this 
patch  is  extremely  limited,  as  will  be  observed  by  a  glance  at  the 
maps,  and  is  divided  into  two  portions  by  a  projecting  point  of 
the  carbonaceous  grits  and  shales  on  which  it  rests,  and  which 
are  themselves  chiefly  red  in  this  locality.  The  larger  portion 
fills  the  valley  from  Portledge  to  the^  sea,  and  good  sections  of 
it  are  seen  along  the  eoast  and  in  the  course  of  the  streams 
flowing  to  Portledge  Mouth.  The  rock  is  principally  a  conglo- 
merate composed  of  portions  of  the  subjacent  grits  and  slates, 
upon  the  edges  of  which  it  is  seen  to  rest  uneonformably,  the 
conglomerate  filling  up  all  the  uneven  edges  of  the  older  rocks. 
Towards  Peppercombe  yellow  magnesian  limestone  is  developed 
among  these  rocks,  not  forming  regular  beds,  but  separating  from 
the  mass  in  a  concretionary  manner  in  given  lines :  a  fiict  of  con- 
siderable value,  as  it  exhibits  a  continuation  of  the  magnesio-cal- 
careous  character  of  the  lower  part  of  the  red  sandstone  series  to 
the  westward. 

The  two  southern  patches  occur  in  the  South  Hams ;  one  at 
Slapton,  in  Start  Bay,  and  the  other  between  the  Bolt  Tail  and 
Tburlestone,  in  Bigbury  Bay.  It  will  be  observed  that  these  two 
small  patches  bear  about  east  10^  north,  and  west  10^  south  from 
each  other,  and  are  eight  miles  apart.  We  have  evidence  in 
Tburlestone  rock,  represented  in  the  next  page  (fig.  29),  that  the 
conglomerate  of  Bigbury  Bay  once  extended  further  westward, 
above  the  level  of  the  sea,  than  we  now  find  it,  this  rock  b^ng 
formed  of  an  isolated  piece  of  red  conglomerate  of  the  same  kind 
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as  that  on  the  adjoining  coast  at  the  Grarrats,  left  standmg  in 
the  sea,  widi  an  arch  through  it,  upon  the  highly-inctmed  edges 
of  argiUaeeoui  slates  of  the  grauwaeke  series.  The  Tburlestone 
Rock  and  Garrats  red  conglomerate  dips  seaward,  and  is  seen 
to  be  traT^sed,  where  it  rises  upon  the  slates  to  the  northward, 
by  a  douUe  fault,  letting  down  the  conglomerate  slightly. 

Tile  Slapton  patch  is  chiefly  arenaceous,  and  good  sections  of 
it  are  obtained  in  the  west  part  of  the  village.  It  dips  seaward 
it  a  moderate  angle,  and  is  observed  to  terminate  somewhat  ab- 
ruptly against  the  argillaceous  slate  that  bounds  it  inland  on  the 
top  of  the  hill  leading  to  Pool,  and  on  the  road  to  Watergate. 

In  addition  to  these  outlying  patches  of  the  red  sandstone  series, 
apori^yritic  rock  occiurs  at  Cawsand,  in  Pljrmouth  Sound,  ranging 
dienee  towards  Bedding  Pofait,  which  in  general  aspect  resembles 
some  of  the  igneous  rocks  associated  with  this  series  in  the  neigh- 
bourhood of  Exeter  and  livertoo.  It  appears  a  somewhat  earthy 
oompovnd  of  felspar  and  quartz,  containing  crystals  of  mica,  and 
iDoce  rarely  of  felspar,  of  a  reddish  colour  in  the  mass,  mixed 
with  occaaonal  bhiebh  green  spots.  It  is  much  traversed  by 
jnots,  and  has  a  coarsely-laminated  structure  towards  the  east, 
becoming  as  much  laminated  as  the  slates  among  which  it  runs 
in  the  veins,  when  the  latter  are  small :  in  such  cases  changing 
its  eommMi  red  colour  for  a  light  brown^  stained  by  oxide  of 
noB.*  That  it  has  burst  through  the  grauwaeke  red  sandstones 
uid  slates  among  which  it  appears  seems  evident  from  the  frac- 
tured and  disturbed  condition  of  the  beds  it  traverses  on  the  east 
of  the  chief  mass,  and  from  the  fissures  through  them  filled  by 

*  Om  «f  Uwm  wbu  wiU  be  fepntented,  in  another  part  of  the  Report,  under  the 
katdsfdhiaional  planes. 
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it,  two  of  which  are  represented  in  the  annexed  section  (fig.  30), 
a,  a  being  dykes  of  this  rock,*  dividing  hard  siliceous  red  sand- 
stone, 6,  6,  6,  by  in  the  fece  of  the  cliff  under  West  Maker  Church, 
cut  also  by  a  fault,/.  Though  unable  to  adduce  direct  proof,  we 
are  inclined  to  refer  this  porphyry,  frona  its  general  character,  to 
the  date  of  the  lower  part  of  the  red  sandstone  series,  and  to  infer 
that  it  may  be  connected  with  a  portion  of  that  series  beneath  the 
sea  in  the  direction  of  Bigbury  Bay,  on  the  coast  of  which,  near 
Thurlestone,  we  find  the  patch  above  noticed. 

Viewed  in  the  mass,  the  red  sandstone  series  of  Devon  and 
West  Somerset  rests  on  some  great  depression  on  the  east^  rising 
to  and  reposing  upon  various  disturbed  beds  of  older  rocks  on  the 
west,  so  as  to  isolate  various  portions  of  them  on  the  outskirts  of 
the .  main  mass,  and  running  among  them  in  a  very  irregular 
manner  in  that  direction,  sometimes  being  bounded  by  higher 
portions  of  the  older  deposits,  at  others  being  elevated  above 
them. 

When  the  detritus  composing  the  conglomerates  occurs  in  suf- 
ficiently large  pieces  there  is  little  difficulty  in  perceiving  that, 
with  the  exception  of  some  fragments  of  igneous  rocks  in  South 
Devon,  it  is  derived  from  the  adjacent  and  disturbed  older  beds, 
or  from  igneous  rocks  associated  with  the  lower  part  of  the  series ; 
and  we  infer  that  the  finer  portions  are  more  comminuted  parts 
of  the  same  rocks. 

It  will  be  readily  understood  that  in  searching  for  the  lower 
sedimentary  beds  deposited  in  a  depression,  the  floor  of  which 
does  not  slope  away  at  a  moderate  angle,  but  rises  somewhat 
abruptly  on  the  side  whence  the  detritus  was  derived,  the  strata 
first  formed,  adjoining  the  abrupt  boundary,  may  be  concealed 

.    *  The  rock  in  the  dyke  on  the  left  haii  a  tendency  to  a  concretionary  atnicture 
near  the  level  of  the  beach. 
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by  others  which  cover  them,  and  which^  seen  only  in  the  higher 
part  of  the  abrupt  boundary,  may  there  appear  to  be  the  beds 
first  deposited,  inasmuch  as  they  are  observed  to  rest  upon  the 
disturbed  older  rocks,  and  to  be  covered  only  by  those  which  have 
been  since  formed.  This  difficulty  may,  perhaps,  occur  in  some 
parts  of  the  boundary  between  the  red  sandstone  and  the  older 
rocks,  and  conglomerates  may  occasionally  appear  to  have  been 
first  deposited  because  sandstones  are  concealed.  This  would  be 
the  case  near  Wiveliscombe  but  for  the  valleys  of  denudation 
which  cut  into  the  lower  sandstones ;  for  if  we  fill  up  the  valley 
represented  in  the  section^  fig.  25^  p.  198,  beds  of  conglomerate 
vould  cover  up  the  sandstones  and  be  seen  resting,  as  apparently 
the  lowest  rocks  in  the  series,  upon  the  older  and  disturbed  depo- 
sits. There  may  be,  therefore,  some  ambiguity  respecting  the 
relative  ages  of  some  of  the  outlying  conglomerates,  such  as 
those  in  Bigbury  Bay,  at  Portledge,  Hatherleigh,  Slantycombe 
(near  Hockworthy),  and  other  places,  and  perhaps  also  of  some 
beds  in  the  long  stripe  between  Crediton  and  Jacobstow ;  but, 
taking  a  variety  of  sections  along  the  boundary  of  the  main  mass 
of  the  red  sandstone  series  on  the  west,  arenaceous  beds  prevail 
in  the  lowest  parts  (varying  in  depth  from  20  or '30  to  180  or 
200  feet),  from  the  Bristol  Channel,  on  the  north  of  the  district, 
to  the  vicinity  of  Holcombe  Rogus,  after  which  conglomerates 
generally  constitute  the  lower  beds  to  the  southward. 

Prom  the  Bristol  Channel  to  Sampford  Peverell,  near  Tiver- 
ton, the  lowest  beds^  passing  through  the  channel  between  the 
Quaniocks  and  Exmoor,  are  covered  by  conglomerates,  the  ce- 
menting matter  of  which  is  generally  magnesio-calcareous,  and 
often  abundant.*  Between  Sampford  Peverell  and  Exeter  the 
mode  of  occurrence  of  the  red  sandstone  deposits  along  the  irre- 
gular boundary-line  on  the  west  renders  it  difficult  to  trace  the 
ran  of  particular  beds,  and,  therefore,  though  calcareous  matter 
is  occasionally  detected,  those  beds  in  which  it  is  found  are  not 
readily  identified,  in  a  satisfactory  manner,  with  tlie  magnesio-cal- 
careous conglomerates  that  range  from  the  north  to  Sampford 
Peverell.  From  the  vicinity  of  Exeter  to  the  Parson  and  Clerk 
Rocks,  between  Teignmouth  and  Dawlish,  the  deposits  which 

*  TIm  red  conglomerates  on  the  south  and  east  of  the  Quantocks  are  by  no  means 
eiuracterixed  by  the  presence  of  calcareous  matter  in  their  cement;  it  is,  however, 
^nauonally  detected  in  it  in  veiy  small  quantities. 
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possess  calcareous  matter  in  their  cement  would  agree  in  general 
position  with  the  Wiveliscombe,  MiWerton,  and  Stogumber  beds 
on  the  north. 

Should  the  breccias  and  conglomerates  with  a  raagnesio-ealca- 
reous  cement  J  and  the  beds  composed  of  the  matter  of  this  cem^ 
fdone>  which  rest  upon  Worle  Hill,  near  Weston-super-Mare^  and 
upon  Bleadon  Hill^  and  are  known  from  the  descriptions  of  Dr. 
Buckland  and  the  Rev.  W.  D.  Conybeare*  to  occur  so  frequently 
in  conneis^ion  with  the  adjoining  Mendip  Hills  and  in  the  neigh- 
bourhood of  Bristol,  be  equivalent  to  the  conglomerates  <^  Wive- 
liscombe, Milvertoo,  Stogumber,  Williton,  and  other  places,  some 
interval  may  have  elapsed  during  which  red  sandstones  and  con- 
glomerates were  deposited  in  Devon  and  West  Somerset  hekte 
they  were  formed,  these  beds  overlapping  and  concealing  others 
accumulated  in  deeper  situations. 

It  certainly  does  not  follow  that  the  mere  presence  of  magnesio- 
calcareous  cement  should  characterize  a  particular  deposit  of  beds 
over  this  area,  for  it  may  readily  have  happened  that  the 
conditions  for  this  cement  existed  first  in  the  localities  where 
calcareous  rocks,  many  of  which  contain  magnesia,  constituted  the 
floor  on  which  the  fragments  now  in  the  conglomerate  were  rolled 
about,  such  fragments  being  chiefly  limestones.  Whether  the 
beds  containing  this  cement  are  exactly  contemporaneous  or  not, 
calcareous  matter,  associated  with  carbonate  of  magnesia,  occurs 
among  the  conglomerates  of  the  lower  parts  of  the  red  sandstone 
series  in  so  many  parts  of  this  district  that  it  becomes  a  ciicum- 
stance  worthy  of  attention.! 

Above  the  beds  characterized  by  the  presence  of  magnesio- 
calcareous  matter,  in  sufficient  quantity  to  be  worthy  of  notice, 
arenaceous  deposits  become  more  prevalent  throughout  the  whole 
area  occupied  by  the  red  sandstone  series  of  the  district,  passing 
into  red  marls,  which  are  throughout  crowned  by  variegated 
marls,  the  higher  part  of  the  red  marls  being  gypseous  in  places. 

*  Obsenrations  on  the  South-western  Goal  District  of  England,  Trans.  Q90L  So- 
ciety of  London,  seeond  series,  70I.  i. 

t  In  general  the  conglomerate,  commonly  tonaed  dolomitic  conglonerMle  (on 
account  of  the  mineral  character  of  its  cement),  in  the  Mendip  Hills  and  Bnslul 
district,  contains  the  largest  and  commonly  rolled  fragments  in  the  lowest  parts,  the 
included  pebbles  or  fragments  becoming  smallt^r  in  the  higher  part.  Tlie  mattei  of 
the  cement,  when  free  from  pebbles  or  fragments^  forms  beds  named  dolomitic  or 
magnesian  limestone. 
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Though  only  noticed  in  a  few  localities^  this  latter  character  may 
be  iDore  common  than  is  suspected,  for,  without  the  coast  sections 
on  the  Bristol  and  Ehiglish  Channels^  it  is  not  very  observable, 
eren  near  Watchet,  where  the  gypsum  is  most  abundantly 
detected.  Scarcely  a  suspicion  that  gypsum  occurred  in  the  red 
marl  of  South  Devon  would  exist  without  the  coast  section  near 
Braosoombe,  so  relatively  small  is  the  quantity  there  found. 

Judging  from  the  sections  obtained  from  the  base  of  the  series 
to  the  lias  in  the  vicinity  of  Williton  on  the  north,  and  from 
Babbaeombe  Bay  to  Culverfaole  Point  on  the  south,  making  a 
&ir  allowance  for  faults,  the  thickness  of  the  whole  deposit  is  far 
more  eonsiderable  on  the  south  than  on  the  north.  And  this 
seems  equally  true  if  we  take  the  thickness  of  the  beds  on  the  east 
of  the  Quantodu  instead  of  those  opening  out  of  the  trough  near 
Williton.  Considering  that  the  whole  deposit  occupied  a  given 
time  in  fonning,  it  would  appear  that  less  detritus  was  accumu- 
lated in  portions  of  that  given  time  on  the  north  than  on  the 
south,  which  not  only  shows  that  there  may  have  been  a  greater 
depression  ready  to  receive  it  on  the  south,  but  also  that  more 
detrital  matter  was  from  some  cause  drifted  into  it 

The  chief  difference  in  the  mass  is  exhibited  towards  its  base. 
Among  the  lower  beds  on  the  north  we  alone  find  portions  of  the 
pre-existing  and  adjoining  sedimentary  rocks  when  the  fragments 
or  pebbles  are  sufficiently  large  to  show  whence  they  may  have 
been  derived,  while  on  the  south  we  see  fragments  of  quartziferous 
porphyries,  and  of  the  igneous  rocks  previously  noticed,  mingled 
with  pebbles  or  angular  fragments  of  the  adjacent  older  rocks. 
Not  only  do  we  find  such  fragments,  but  also  igneous  rocks 
themselves  in  places  associated  with  the  conglomerates  and 
andstones,  in  a  manner  indicative  of  their  eruption  at  the  time 
during  which  the  accompanying  detrital  rocks  were  formed. 
Near  llvertcm  the  igneous  focks  would  appear  to  have  been 
ejected  after  a  certain  thickness  of  conglomerate  had  been 
accumulated,  the  igneous  action  having  subsequently  commenced. 
Near  Elxeter,  igneous  action  seems  to  have  accompanied  the 
earliest  deposits,  for  not  only  do  we  there  find  the  igneous  rocks 
resting  unoonformably  upon  the  carbonaceous  system,  and 
apparently  supporting  the  mass  of  the  red  sandstone  series,  which 
may,  howevei:»  merely  have  arisen  from  the  molten  liquid  rock 
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overflowing  and  overlapping  some  previously  formed  detrital 
beds ;  but  the  lower  conglomerates  also  in  that  direction  generally 
contain  fragments  of  similar  igneous  rocks,  which  have  not  been 
found  isolated  among  the  older  adjacent  rocks  from  Torbay  to 
Tiverton,  though  they  must  have  burst  up  through  them,  and 
therefore,  from  denudation,  might  be  exposed  without  any 
immediate  visible  connexion  with  the  red  sandstone  smes,  a 
circumstance  which  we  suspect  has  occurred  at  Cawsand. 

It  will  be  observed,  by  reference  to  the  maps,  that  the  igneous 
rocks  associated  with  the  lower  part  of  the  red  sandstone  series 
near  Exeter,  Crediton,  Thorverton,  Kellerton,  Silverton,  and  even 
near  Tiverton,  occur  in  the  prolonged  direction  of  the  granitic 
bosses  and  elvans  extending  from  the  Scilly  Islands  to  Dartmoor, 
themselves  apparently  ranging  in  a  line  through  which  trappean 
matter  had  been  previously  erupted. 

We  have  seen  that  in  the  district  under  consideration  the 
carboniferous  limestones  on  the  north,  and  the  carbonaceous 
deposits  and  grauwacke  of  Devon  and  West  Somerset  are  covered 
unconformably  on  the  east,  after  having  been  bent,  contorted,  and 
tilted  up,  by  the  conglomerates,  sandstones,  and  marls  of  the  red 
sandstone  series,  and  we  have  inferred  that  the  granitic  eruptions 
of  Cornwall  and  Devon  accompanied,  and  may  in  part  have 
produced,  by  displacement,  some  of  the  bends,  contorticms^  and 
upliftings  of  their  constituent  beds.  We  are  consequently  led  to 
inquire  if  the  forces  which  caused  the  granitic  eruptions  and 
disturbed  the  pre-existing  sedimentary  accumulations  may  not 
have  produced  conditions  under  which  the  lower  part,  at  least,  of 
the  red  sandstone  series  was  formed. 

If  we  imagine  the  pre-existing  sedimentary  beds  to  have  been 
thus  disturbed  beneath  water,  it  could  scarcely  happen  but  that 
such  water  would  have  been  violently  agitated,  and  even  supposing 
that  the  granitic  eruptions,  and  the  disturbance  of  the  sedimentary 
beds  with  their  associated  trappean  rocks  occurred  chiefly 
beneath  the  atmosphere,  the  neighbouring  seas  must  also  have 
been  thrown  into  violent  motion.  The  destructive  eflfects  caused 
by  waves,  produced  during  common  earthquakes,  are  sufficient  to 
show  the  power  of  water  thrown  upon  land  under  conditions 
insignificant  when  compared  with  those  we  have  supposed  to  have 
existed.     If  such  effects  be  combined  with  the  abrading  power  of 
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a  weighty  body  of  water  thus  disturbed  upon  the  bottom  support- 
ing it,  the  mass  of  detritus  formed,  and  mechanically  suspended, 
would  be  considerable. 

We  have  seen  that  there  were  at  least  two  periods  of  granitic 
eruptions  in  Devon  and  Cornwall,  and  it  is  by  no  means  certain 
that  there  may  not  have  been  a  long  period  during  which  granite 
may  have  continued  to  have  been  protruded  at  intervals  through 
the  grauwacke  and  carbonaceous  series.  Even,  therefore,  if  we 
suppose  that  the  igneous  rocks  associated  with  the  lower  part  of 
the  red  sandstone  series  were  ejected  during  this  period,  we  feel  at 
a  loss  to  refer  their  eruption  to  any  particular  part  of  it.  The 
matter  of  these  rocks  seems  to  differ  little  but  in  the  mode  of 
cryslaWization  from  the  granitic  rocks  on  the  westward ;  indeed, 
the  quartziferous  porphyry  near  Dunchideock  closely  resembles 
some  elvans  in  all  except  colour,  which  may  readily  have  been 
derived  from  the  iron  of  the  associated  red  sandstones  and  con- 
glomerates. It  may  be  supposed  that  the  glassy  felspar  contained 
soda,  as  many  glassy  felspars  are  found  to  do ;  but  it  has  not  yet 
been  ascertained  by  analysis  whether  the  large  crystals  in  some  of 
the  fragments  of  porphyry  included  in  the  conglomerates  may 
not  be  Murchisonite  felspar,  which  does  not  contain  soda.  The 
crystals  of  Murchisonite  disseminated  through  the  cement  of  the 
conglomerate  near  St.  Mary  Church  and  other  places  much 
resemble  it.  Even  supposing  that  it  should  contain  soda,  we  are 
yet  uncertain  that  the  granitic  rocks  of  Devon  and  Cornwall  may 
not  also  include  soda  felspars  mingled  with  the  others. 

With  regard  to  the  porphyries  with  large  crystals  of  felspar 
which  we  do  not  find  in  place,  they  may  readily  have  formed 
portions  of  igneous  masses  covered  up  by  the  red  sandstone  series, 
and  it  is  by  no  means  improbable  that  such  masses  are  thus 
concealed.  They  may  also  have  been  ejected  in  the  manner  in 
which  large  rocks  are  now  often  thrown  out  from  volcanos  during 
eniptions,  becoming  intermingled  with  frst^ments  of  the  igneous 
rocks,  parts  of  which  are  still  uncovered,  and  with  the  detritus  of 
the  adjacent  and  subjacent  older  and  disturbed  sedimentary 
deposits,  the  earthquakes  and  rending  of  rocks  accompanying  the 
eniptions  adding,  by  the  action  produced  in  the  water,  very 
eonsideraUy  to  the  rolling  and  dispersion  of  the  detritus  in 
mechanical  suspension  at  different  times.  The  successive  deposits, 
as  shown  in  the   respective  beds,  would,  appear  to  have  been 
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drifted  by  variable  forces,  fiometimes  large  fragments  of  porphyry 
and  other  igneous  rocks  associated  with  rolled  or  angular 
fragments  of  the  older  beds  seem  to  have  been  violently  driven 
forward^  the  pebbles  and  fragments  occurring  in  the  beds  without 
regard  to  specific  gravity ;  at  others  more  order  in  the  latter 
respect  is  observable,  and  even  beds  of  fine  detritus  intervene,  all 
apparently  pointing  to  very  different  velocities  of  water  as  dis- 
persive power,  such  as  might  readily  arise  from  igneous 
explosions  of  variable  intensity  at  different  intervals  near  or 
beneath  the  water,  or  from  the  variable  agitation  produced  by 
movements  of  the  earth  on  the  large  scale. 

From  the  absence  of  pebbles  of  granite  resembling  that  of 
Dartmoor,  and  the  occurrence  of  rocks  of  the  same  general  com- 
position, though  crystallized  differently,  in  masses  and  even  beds, 
and  the  association  of  the  latter  with  sands  not  unlike  vol- 
canic sands,  we  are  led  to  infer  that  the  granite  of  Dartmoor  may 
not  have  been  covered  by  water  when  the  red  sandstone  series  of 
the  district  was  formed  and  the  igneous  rocks  associated  with  it 
ejected ;  that  the  igneous  rocks  of  the  lower  part  of  the.red  sand- 
stone series  were  erupted  beneath  water  adjoining  land,  through 
which  the  granitic  rocks  of  Devon  and  Cornwall  were  protruded, 
and  that  the  disturbance  caused  by  these  protrusions  and  during 
the  fracture  of  the  country  when  the  fissures  filled  by  elvans  were 
formed,  were  the  earliest  causes  of  the  movement  of  waters  which 
ground  down  the  rocks  into  at  least  a  large  portion  of  the  con- 
glomerates and  sandstones  in  the  lower  parts  of  the  red  sandstone 
series.  Subsequent  geological  events  may  indeed  have  so  altered 
the  relative  levels  that  it  may  now  be  difficult  even  to  approxi- 
mate towards  a  view  of  the  area  which  may  have  then  been  dry 
land ;  but  when  we  recollect  that  the  coal-measures,  the  rock  which 
immediately  precedes  the  red  sandstone  series  in  the  succession 
of  beds  in  the  adjoining  districts  of  South  Wales  and  Bristol, 
are  marked  by  the  presence  of  an  abundant  terrestrial  vegeta- 
tion, probably  the  extent  of  dry  land  may  have  been  considerable 
on  the  north,  even  anterior  to  the  protrusion  of  the  Cornish  and 
Devon  granites. 

Though  from  the  mass  of  matter  which  has  been  removed  from 
the  face  of  the  red  sandstone  series  where  now  exposed  in  the 
district,  and  from  the  outlying  patches  of  it  here  and  there  ob- 
servable, we  cannot  be  well  satisfied  that  the  area  now  occupied 
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by  this  series  even  approximates  towards  that  once  covered  by  it ; 
yet  when  we  regard  the  mode  in  which  it  surrounds  the  Quantock 
Hills  and  other  isolated  minor  portions  of  older  rocks^  and  note 
the  trough-like  manner  in  which  it  runs  in  a  channel  between  the 
Quantocka  and  Exmoor,  or  into  gulfe  at  Porlock,  I^verton,  and 
some  other  places,  we  seem  to  perceive  that  it  may  have  been 
fonned  in  waters  bounded  on  the  west  by  a  coast  with  outlying 
isfaoids.  When  we  include  the  range  of  the  Mendip  Hills  and 
Worle  Hill,  and  the  mode  of  occurrence  of  the  red  sandstone 
series  at  their  bases,  we  seem  to  find  the  remains  of  other  isolated 
lands  in  that  direction  which  rose  above  the  waters  in  which  this 
series  may  have  been  formed,  while  the  outstanding  patches  of 
Portledge  on  the  north,  and  Thurlestone  and  Slapton  on  the 
south,  would  lead  us  to  suspect  that  it  may  be  continued  beneath 
the  waters  of  the  Bristol  and  English  Channels  for  a  considerable 
distance  on  the  flanks  of,  if  not  around,  the  grauwacke,  carbona- 
ceous flystem,  and  granite  on  the  west. 

The  absence  of  organic  remains  throughout  the  red  sandstone 
series  ct  this  district  is  one  of  its  marked  characteristics.  With 
the  exception  of  a  few  fish-scales  and  some  pieces  of  fossil-wood 
in  the  higher  part  of  the  variegated  mark  near  Culverhole  Point 
and  Chaiiton  Bay,  close  under  the  lias,  in  which,  as  is  well 
known,  fiMsils  are  very  abundant,  we  have  not  found  any  organic 
remains  either  animal  or  vegetable,  or  heard  of  any  having 
been  discovered  in  it.  Not  far  from  the  district,  however,  on  the 
cast  of  Durdham  Down  near  Bristol,  the  remains  of  Saurians 
(Thecodontosaurus  and  Palsosaurus),  have  been  obtained  by 
Dr.  Riley  and  Mr.  Stutchbury  in  the  conglomerate  with  the  mag- 
nesio-calcareous  cement,  several  of  the  bones  being  in  actual 
contact  with,  others  one  or  two  feet  above,  the  subjacent  car- 
boniferous limestone;  and  it  is  stated  that  the  fragments  entering 
into  the  composition  of  the  conglomerate  "  are  of  considerable 
•is^  aogidar,  and  without  any  appearance  of  having  travelled 
fcr-"* 

As  fiu*,  therefore,  as  the  evidence  extends,  reptiles  which  existed 
priOT  to  the  production  of  the  magnesio-calcareous  conglomerates 
near  Bristol,  and  fish  that  lived  in  the  waters  and  plants  drifted 
from  land  when  the  conditions  under  which  it  was  formed  were 
about  to  cease,  are  the  only  remains  of  life  yet  known  to  have  been 
*  Wol  of  SngUuMl  Journal  of  Scwnce  and  Literature,  1835 --6,  p.  85. 
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entombed  in  the  red  sandstone  series  within  the  district  under 
consideration,  or  in  that  adjoining  it  on  the  north-east.  We  can 
readily  conceive  that  the  reptiles  sported  on  the  shores  formed  of 
pre-existing  rocks,  and  that  the  fish  in  the  higher  beds  were 
among  the  first  of  those  so  abundantly  enveloped  afterwards  by 
the  mud  of  the  lias  above  them,  the  plants  being  merely  drifted 
from  dry  land,  which  we  have  considered  to  have  existed  at  no 
great  distance  during  the  deposit  of  the  whole  series.  It  may, 
indeed,  be  premature  to  infer,  because  they  have  not  been  hitherto 
detected,  that  organic  remains  may  not  hereafter  be  discovered 
by  some  fortunate  section  in  some  thin  obscure  beds  in  great 
numbers ;  and  it  certainly  does  not  foUow  because  such  remains 
are  not  found,  that  animal  and  vegetable  life  did  not  exist  in  the 
waters  or  on  the  adjacent  dry  land  within  the  district,  since  we 
know  that  fossil  plants,  zoophytes,  conchifers,  molluscs,  fishes^  and 
a  saurian,  have  been  discovered  in  the  continuation  of  the  same 
series  in  Central  and  Northern  England,  and  that  vegetable  and 
animal  remains  occur  far  more  abundantly  in  it  in  the  continental 
parts  of  Western  Europe ;  these  remains  may  not  be  detected, 
because  conditions  for  their  preservation  have  been  unfavourable. 

In  like  manner  we  must  not  too  hastily  infer,  because  conglo- 
merates characterize  by  their  presence  the  lowest  deposits,  sand- 
stone the  central,  and  marls  the  upper  beds,  that  the  whole  is  a 
mere  settlement  of  a  great  mass  of  detritus  drifted  about  in  agitated 
water,  the  power  of  which,  to  keep  it  suspended,  gradually  dimi- 
nished from  a  return  to  a  tranquil  state,  the  finer  parts  being 
last  deposited,  and  that,  therefore,  no  comparatively  great  length 
of  time  would  be  required  for  the  settlement  of  the  whole ;  for 
in  parts  of  Western  Europe,  where  we  have  a  continuation  of 
the  same  series,  and  the  accumulated  detritus  has  even  been 
thicker  than  in  Central  England,  we  have  evidence,  more  particu- 
larly in  the  calcareous  deposits  named  muschelkalk  and  zechstein 
(the  latter  considered  as  an  equivalent  of  the  magnesian  limestone 
of  Central  and  Northern  England),  that  various  animals  were 
created  and  became  in  part  entombed  in  a  manner  pointing  to 
a  long  lapse  of  time. 

Whatever  length  of  time  may  have  been  required  for  the  accumu- 
lation of  the  great  red  sandstone  series  of  Europe,  taken  as  a  whole, 
and  though  in  many  plaees^  within  the  area  occupied  by  it  a  vari^y 
of  animals  lived  at  difierentXtimes  in  the  waters  beneath  which  it 
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was  accumulated^  and  that  in  several  localities  it  graduates  down- 
wards conformably  into  older  beds,  marking  an  absence  of  dis- 
turbance in  the  subjacent  rocks  in  such  localities,  all  the  older 
deposits  have  been  contorted,  bent,  or  otherwise  disturbed  in  the 
district  under  consideration  prior  to  the  formation  of  the  red  sand- 
stone series  in  it ;  and  this  series  occurs  among  them  in  a  manner 
which  would  lead  us  to  suppose  that  in  the  waters  wherein  it  was 
fonned  animal  life  was,  at  least,  extremely  rare,  and  that  while  a 
large  portion  of  the  existing  dry  land  was  covered  by  these  waters 
other  portions  rose  above  them  as  islands  of  various  sizes,  igneous 
products  having  been  vomited  forth  during  the  earlier  deposits 
of  the  series  on  the  south-east  side  of  the  land  on  the  west,  while 
similar  eruptions  did  not  occur  on  the  north-east  or  north. 
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CHAPTER  VIII. 

LUS  AND  INFERIOR  OOLITE.      CRETACEOUS  SERIES.      SCPRACRE- 
TACEOUS  ROCKS. 

Ldas> 

The  argillaceous  and  calcareous  deposits  known  as  the  lias,  succeed 
the  variegated  marls  of  the  red  sandstone  series  in  the  ascending 
order^  and  are  so  generally  uniform  in  the  composition  and  rela- 
tive arrangement  of  their  constituent  parts^  that  a  section  of  a 
portion  of  them  in  one  part  of  the  district  will  nearly  represent  that 
in  another. 

The  most  instructive  section  of  these  deposits  b  to  be  obtained 
near  Lyme  Regis^  inasmuch  as  in  the  vicinity  of  that  place  we 
find  their  whole  thickness  included  between  the  variegated  marls 
on  which  they  rest  and  the  sands  of  the  inferior  oolite  by  which  they 
are  covered.  This  section  is  not  fully  seen  within  the  district 
strictly  under  consideration^  but  it  is  readily  obtained  by  means 
of  the  clifis  between  Culverhole  P(Hnt,  on  the  west  of  Lyme 
Regis,  and  Bridport  Harbour^  a  distance  which  includes  a  small 
portion  of  country  on  the  east  of  it.  The  sandy  beds  of  the  in- 
ferior oolite  are,  indeed,  observed  near  Ilminster,  Chard,  Ford 
Abbey,  and  Hawkchurch,  resting  upon  lias  within  the  district, 
but  from  the  manner  in  which  they  are  covered  up  by  a  great 
overlap  of  chalk  and  green  sand,  and  from  the  generally  obscure 
natural  sections  presented,  the  detail  cannot  be  well  studied. 

The  following  is  a  general  section  of  the  lias  in  the  vicinity  of 
L3rme  Regis,  with  a  portion  of  the  beds  on  which  it  rests  and  by 
which  it  is  covered  : — 

Pert. 


Pari  of  the 
ferior  Oolite. 


^e  In  f "'  ^«""g*'>0'"  yellow  sand  and  sandstone         .         .  J 

j^    ■<  A.  Bed  of  grey  marl J  180 

Ic.  Ferruginous  yellow  sand  and  sandstones  with  mica. ) 
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^a.  Marls  and  alaty  marls,  with  se?eral  beds  of  indu- 
rated marl  and  earthy  limestone  in  the  lower  part, 
micaceous  in  the  higher    .         .         .         .         «     350 

b.  Irrpgular  bed  of  limestone,  with  nodular  concretions, 

frequently  containing  AmmoaUg*        ...         2 

c.  Slaty  marls,  with  several  thin  beds  of  indurated 

marl 67 

d.  Slaty  marls,  contuning  small  crystals  of  selenite     .       32 

e.  Indurated  marl,  containing  small  plicated  Terebra- 

hUm 4 

/.  Slaty  marls        .         .         .  .         .18 

g.  Sixty-five  gxey  limestone  be<ls,  from  two  to  ten 

inches  in  thickness,  and  varying  from  earthy  to 

compact,  alternating  with  marls  and  slaty  marls, 

firom  the  thinnest  >  earn  to  four  or  five  feet  in  thick- 


(: 


Four  thin  beds  of  yellowish  white  limestone,  alter- 
nating with  thin  seams  of  marl  of  the  same  colour 

Yellowish  white  limestone,  earthy,  marly,  and  com- 
pact, in  obscurely  divided  beds  ...         * 

Three  beds  of  dark-cof  oured  marl  and  slaty  marl,  al- 
tematiog  with  three  beds  of  grey  limestone 

Dark  slaty  marl 


Upper  part  of 
theVariegmtcd 
Mails. 


^a.  Light  blueish  green  marl 

6.  Alternations  of  dark-coloured  marls  with  light-colour- 
ed indurated  marl,  some  of  the  latter  being  calciferous 

e.  light-coloured  marl  with  gypsum 

d.  Dark-coloured  marl 

Alternations  of  Ught  blueish  green  marls,  with  light- 
coloured  marls  

/.  Indurated  marl,  the  top  and  bottom  of  the  bed  of  a 

red  tint 

Alternations  of  blueish   green  and  Kght-coloured 

marls,  becoming  mixed  with  beds  of  red  marls  in 

the  descending  sectron     •         .         .         .         . 


75 


18 

12 

7 


13 
8 
2 

15 


30 


file  lias  of  Lyme  Regis  coatains  a  great  variety  of  organic 
ivmains^  of  which  the  folfewing  is  a  Ust  of  such  as  have  come  to 
our  knowledge : — 

PLANTS. 

Otifieru  vUmaa  ....  Lindlsy  and  Hufcfcon,  Fossil  Flora,  vol.  ii.  pi.  128. 
Cftadcmdea  pygwuea      •     .  L.  &  H.,  Foss.  Flora,  vol  ii.  pi.  143. 
^rmucmma  ptrtgrim.     .     .  L.  &  H.,  Foes.  Flora,  voU  ii.  pL  88. 
SirMii€9  Htm^aia    .     .     .  L.  &  H.  Fosa.  Flora,  voL  ii.  pi.  89. 
Abe  several  other  plants  whtdi  have  not  been  described. 

OOft4LS. 

A  few  casts  of  one  or  two  undetermined  species  have  been  found  in  the  white 
liMsfPialisy  Bay. 
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RADIAUIA. 

BroderiiH  Ocol.  Traiii.>  2ad  leriety  voL  ▼.  p.  174,  and 

▼oL  ii.  pi.  4,  fig.  5. 
Miller,  Nat  Hi»t.  Grinoidea,  p.  59. 
Miller,  Nat.  Hist  Crinoidea,  p.  56. 
Miller,  Nat.  Hist  Grinoidea,  p.  62. 

ANNULATA. 

Serpu/a Rare.    We  have  seen  a  specimen  npon  a  Br/nnjnV^. 


CidarUBt^ei     .     •     . 

Pemtacrimif  wban^arit 
— ^— —  BriareuM 
basalti/ormiM 


Sfirifer  Waieotu.     . 
Terebratula  cnanena . 

Mtrraia 

Chryphtta  inourva .      • 
— >  MaccuUockii 

Miquata    , 

Piicatuia  wjpmoia,     . 
P/ekfiostoma  gigaitiemn 
— — — —  Hermami 
Ameula  vueqmvalvis , 

>  iamceolala     . 

Modioia  Scaiprwn     . 

HilUma  .      . 


Undetermined  species 
Nmemla. 

RoUila  txpanta        .     . 
Pieunttomaria  AngHca  . 
TVodhff  «m6rtoa/itf    .      . 
BtlewmUet  admniaahu    • 
— -^—  elongatua     • 
— —  UmgiMpmuM 
OrikooeraiiUtt  tkngtUuM 
NaMUilua  iniermedktt 
■  Miriatut      • 

Amwiomt€$  keieropkfl&tt 
— —  Hmidi    •     . 


•^  plameoiiaha  , 
-JimbriatUM 

-  Buoklondi 

-  obiuaui    •      . 

-  R^aiooitii 


^  BrMMltt    . 

-  Beekei     . 

-  9leilanM  . 

>•  CrfOMOVII 

>*  Lotcombi 
>  Birekii     • 


CONCHIPXRA. 

.  Sowerby,  Mineral  Gonchology,  pi.  377. 
.  Sow.,  Min.  Gon.,  pi.  83,  fig.  3. 
.  Sow.,  Min.  Gon.,  pi.  503,  fig.  2. 
.  Sow.,  Min.  Con.,  pi.  112,  figs.  1, 2. 
.  Sow.,  Min.  Gon.,  pi.  547,  figs.  1—3. 
.  Sow.,  Min.  Con.,  pi.  1 12,  fig.  3. 

•  Sow.,  Min.  Gon.,  pL  245. 

•  Sow.,  Min.  Con.,  pi.  77. 
.  Volts. 

.  Sow.,  Min.  Gon.,  pi.  244. 
.  Sow.,  Min.  Con.,  pL  512. 
.  Sow.,  Min.  Con.,  pi.  248,  fig.  2. 
.  Sow.,  Min.  Con.,  pi.  212,  fig.  2. 
.  Sow.,  Min.  Con.,  pU  8. 
of  Pumn,  Ottrea,  Ckiettli€ta,  Unio,  Attarle,  Peden,  and 

MOLLUSOA. 

.  Sow.,  Min.  Con.,  pi.  273. 
.  Sow.,  Min.  Con.,  pi.  142. 
.  Sow.,  Min.  Con.,  pi.  272,  fig.  3,  4. 
.  Miller,  Geol.  Trans.,  2nd  series,  vol.  ii.  pi.  8,  fig.  6, 7,8. 
.  Miller,  6.  S.  2nd  series,  vol  ii.  pi.  7,  figs.  6,  7,  8. 
.  Miller,  G.  S.  2nd  series,  vol  ii.  pi.  8,  figs.  I,  2. 
.  De  la  B.,  Geol.  Trans.,  2nd  series,  vol.  iL  pi.  4,  fig.  4. 
.  Sow.,  Min.  Con.,  pi.  125. 
.  Sow.,  Min.  Con.,  pL  182. 
.  Sow.,  Min.  Con.,  pL  266. 
.  Sow.,  Min.  Con.,  pi.  172. 
.  Sow.,  Ifin.  Con.,  pL  107,  figs.  2,  3. 

•  Sow.,  Min.  Con.,  pi.  73. 

.  Sow.,  Min.  Con.,  pi.  164. 
.  Sow.,  Mio.  Con.,  pi.  ISO. 

•  Sow.,  Min  Con.,  pL  167. 
.  Sow.,  Min.  Con.,  pL  106. 
,  Sow.,  Min.  Con.,  pL  95. 

.  Sow.,  Min.  Con.,  pi.  190. 

.  Sow.,  Min.  Con.,  pi.  280. 

.  Sow.,  Min.  Con.,  pL  93. 

.  Sow.,  Min.  Con.,  pi.  132. 

.  Sow.,  Min.  Con.,  pi.  183. 
.   Sow.,  Min.  Con.,  pL  350. 

.  Sow.,  Mem.  Con.,  pi.  267. 
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AmmmiieM  Uevigaha 
lmUteo8ittiu9 


Sow.,  Min.  Con.,  pi.  570,  fig.  3. 
Sow.,  Min.  Coil,  pi.  556. 


Sifia,     ......  Remains  of^  with  ink-bags  preseived. 

Beaks  of. 

CUUSTACKA. 

OUem  mtHqua    ....  Bxoderip.  Geol.  Trans.  2nd  series,  vol.  v.,  pi.  12,  figs.  I 
and  2. 
A  mscronrons  decapod,  allied  to  the  Salicoqnes  of  Latreille. — Broderip,  Geol. 
Tnns.,  2nd  series,  vol.  ▼.,  p.  172,  pi.  12,  figs.  3  and  4. 

Other  indescribed  crustaceans. 

FISH. 

Tbeae  have  lately  been  found  by  M.  Agassis  to  be  of  numerous  species.  The 
bUowing  list  has  been  kindly  prepared  for  us  by  Sir  Philip  Grey  Egerton,  Bart.,  from 
ths  nolea  of  M.  Agassis,  either  published  or  still  in  MS.,  upon  specimens  in  Sir  Philip 
Oiey  Sgeiton's  own  collection,  in  that  of  Viscount  Cole,  or  in  those  of  the  Misses 
Pbillpot  and  Mr.  Marder,  of  Lyme  Regis. 

ORDSR  1.      TBX  PLACOIDS. 

The  Ceetradonts. 
MSS.         ..•••••     C  P. 

MSS P. 

Agassis,  Poissons  FossileB,  torn.  3,  tab.  21.        C.  P.  £. 

P. 

C.B. 

C. 

C.B.P. 

P. 

Maider. 


maaiker  ipeeitM 

UftmcmAn  temiufitmt 
Mffimetmikmt  parmbuemi 


•  granmlahu 


MSS. 

MSS.  (not  yet  named) 

Ag.,  P.  F.,  tom.  3,  tab.  27. 

Ag.,P.F.,tom.3,tab.38. 

Ag.,  P.  F.,  tom.  3,  Ub.  39. 

Ag.,  P.  F.,  torn,  a  Ub.  40. 

The  Hybodonts. 
Ag.,  P.  F.,  tom.  3,  tab.  52. 
Kg.y  P.  F..  tom.  3,  tab.  48. 
Ag.,  P.  F.,  tom.  3,  tab.  49. 
Ag.,  P.  F.,  tom.  3,  tab.  51. 
Ag.,P.  F.,tom.  3,tab.51. 
Ag.,MSS. 

Ag.,  A&oo.  ... 
Ag.,  P.  F.,  tom.  3,  tab.  50. 
Ag.,  MSS.  ... 
Ag.,  MSS.  ... 
Ag.,  P.  F.,  tom.  3,  tab.  50. 
Ag.,  MSS.       . 

The  Sharks. 
The  Vertebi0  of  a  new  Genus,  Ag.,  MSS. 
The  Rays. 
SfimetHmtma  poi^^pondyiuM  Ag.,  P.  F.,  tom.  3,  tab.  42. 43 

OROKA  II.      THE  GANOIDS. 

The  Lepidoids. 
Aynfai  CoUi  ....  Ag.,  P.  F.,  tom.  2,  p.  195. 
frwmtUaim     .     .  Ag.,  P.  F.,  tom.  2,  p.  190. 


P. 

Marder. 

C.P.E. 

P. 

C.  P.  E. 

P. 
CP.B. 

P. 

P. 
CP.B. 

P. 


P. 


C.P.B. 


CP.B. 
CP.B. 


*  P  shows  tbata  specimen  of  the  species  named  is  in  M>ss  Phillpot's  collection,  C 
^at  it  is  fbuad  in  that  of  Viscount  Cole,  and  B  that  Sir  Philip  Bgerton  possesses  it. 

Q 
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DapfHifiM  poHttu      .      .      . 
^— ^—  ptmctaiu$       . 
TetrngonoUpit  confluent 
m     •     •        i    » httttodtmui 


•  Leachii 


■  phoiidoiut 

_-«_»-«_  putiidahi* 
— — —  radiaty$  . 
Mtriahig  . 
MpeeiosMM 

Semmwhu  rkomb^fir     • 
LepkbhuflmibruUut 

■  T%IQ9tM9 

PkoHduphorut  Bfekei 
tatiMCMlut 


•  cnifekyu9 


Oyrotiew  mirehtUt  • 
Ptyekolepit  boUemit 
Smtroptis  (ipeciet  not  named)  Ag.,  If  S& 


Ag.,P.  F.,  torn.  2,  p.  185. 
Ag.,P.  F.,tom.  2,p.  192. 
Ag.,  P.  Fm  torn.  2,  p.  199. 
Ag.,  P.  F.,  torn.  2,  p.  206. 
Ag.,  P.  F.,  torn.  2,  p.  203. 
Ag.,  P.  F.,  torn.  2»  p.  202. 
Ag.,  P.  F„  torn.  2,  p.  207. 
Ag.,  P.  F.,  torn.  2,  p.  201. 
Ag.,  P.  F.^  torn.  2,  p.  201. 
Agi,MS9.      . 
Ag.,  P.  F.,  torn.  2,  p.  199. 
Ag.,  P.  F.,  torn.  2,  p.  220. 
Ag.,  P.  F.,  torn.  2,  p.  228. 
Ag.,  P.  F.,  torn.  2,  p.  247. 
Ag.,  P.  F.,  torn.  2,  p.  246. 
Ag.,  P.  F...  torn  2,  tab.  39. 
Ag.,P.F.,toiii.2,p.9. 
Ag.,  P.  F.,tom.2.p.  9. 
Ag.,  P.  F.,  tom.  2,  tab.  39, 

The  SauFoidi. 
Ag.,MS9. 
Ag..  P.  F.  tom.  2,  p.  )I. 


Paekjfconmu  heterunu  . 
— ^—  ieptottevt  . 
■    maeruru$  . 
Lepioiepia  Brcmni    . 

eaudaiit  •     . 

EuffttathMt  ckeiroiet .  . 
— —  ieptodu*  .  . 
— *— ^—  mattdihu/arit , 


wmatua  . 
poijfodim . 
9pmoni»  • 


Ag.,  MSS. 

Ag.,  MSS. 

Ag.,  MSS. 

Ag..  P.  F.  tom.  2,  p.  13. 

Ag.,MS& 
.  Ag.,MSS.        . 
,  Ag.,MSS. 

Ag.,MSS. 

Ag.,  MS& 

Ag.,  MSS. 

Ag.,  MSS. 

Ag,MSS. 

The  Acipe&Biridt. 

Ag.yP.  F.  tom. 3, tab.  44, 6g.  1. 


CP.E. 
C.  P.K. 

C.F. 

C.S. 

ap.E. 

C.E. 

CP.E. 

C. 

E. 

P. 

C.E. 

P. 

C.E. 

C.E. 

P. 

CP.E. 

C  P.  E. 

C.E. 

CP.E. 

CE. 

C. 

P. 

P. 

P. 

P. 

CP.E. 

CPE. 

CP. 

P. 


Cydarthrua  fnaerapierua 
Also,  the  teeth  of  aa  undescribed  genus  of  an  undeicribed  fkmily. 

RSFTILIA. 

Buckland,  Geol.  Tnns.,  2iid  aeries,  vol.  iit 

Conybean,  Geol.  Trans.,  2nd  series,  vol.  i., 

Conybean. 

De  la  B.,  Geol.  Trans.,  2nd  series,  voL  L,  p, 

pi.  15,  fig.  8. 
De  la  B.,  Geol.  Trans.,  2nd  series,  vol.  L,  p. 

pi.  15,  fig.  7. 
De  la  B.,  Geol.  IVans.,  2nd  series,  vol.  i.,  p. 

pi.  15,  fig.  10. 
Conyb.,  Geol.  Trans.,  2nd  series,  vol.  i.,  p. 

fig.  9. 
Croeodihtt  f 


Pterodaetyhtt  macnmtfx 
PletioMounu  dofiekodeirna 

nuKfcephaiua 
Icihtfotauma  commumi    . 

'  piaijfodom  . 

■      temuirottriM. 


intermeduu 


P, 

CP. 

CP.E. 

P. 

P. 

CP.E. 


,pl.27. 
,  pi.  48. 

.43  and  108, 

43  and  108, 

43  and  108, 

108,  pi.  15. 
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These  organic  remains  are  not  equally  distributed  through  the 
mass  of  the  lias  so  that  we  might  expect  to  discover  any  species 
in  any  part  of  its  thickness.     On  the  contrary,  the  higher  portions 
differ  much  in  their  organic  contents  from  the  lower.  Thus,  Pleuro- 
tomaria  anglica,  Trochus  imbricatus.  Ammonites  Greenovii,  A, 
Beckei,  Pentacrinites  subangularis,  Cidaris  Bechei,  and  the  re- 
mains of  Ichthyosaurus  tenuirostris,  most  prevail  in,  if  the  shells 
be  not  almost  confined  to,  the  upper  beds.      Belemnites  also  are 
far  more  common  in  the  higher  marls,  and  even  are  so  numerous 
beneath  those  which  are  micaceous,  that  seams  composed  of  little 
else  than  their  remains  are  seen  on  ledges  dry  at  low  tide,  at  the 
foot  of  Golden  Cap  Cliff,  on  the  east  of  Lyme  Regis.     Ammo- 
nites are  common  in  the  nodular  concretions  noticed  in  the  section 
Qp.  223)  as  containing  them.  Gryph^ea  incurva  and  Plagtostoma 
giganieum  most  abound  towards  the  lower  part,  among  the  alter- 
nations of  the  lias  limestones  with  marls,  and  the  greatest  amount 
of  Saurian  remains  seems  to  occur  in  the  marls  not  far  above  the 
lias  Umestones,  and  in  the  higher  and  central  parts  of  the  latter. 

Tbe  organic  remains  in  the  lias  of  Lyme  Regis  are  not  only 
numerous  as  regards  the  species  found,  but  they  are  abundant 
also  as  respects  the  individuals  detected  in  it,  thus  presenting  a 
marked  contrast  with  the  red  sandstone  series  previously  noticed. 
Hie  sediment  deposited  during  the  formation  of  the  higher  part 
of  the  latter  series  seems  as  fine  as  that  thrown  down  during  the 
production  of  the  lower  part  of  the  lias,  and  we  observe  nothing 
indicative  of  a  change  in  the  transporting  power  of  the  water, 
supposing  the  sedimentary  matter  to  have  been  all  transported 
during  the  deposit  of  both.  A  difference,  therefore,  in  the  velo- 
city of  any  moving  waters  which  may  have  carried  sedimentary 
matter,  now  constituting  the  higher  part  of  the  red  sandstone 
series  or  the  lower  part  of  the  lias  near  Lyme  Regis,  would  not 
appear  to  have  been  included  in  the  causes  which  have  produced  so 
marked  a  difference  in  the  fossiliferous  characters  of  the  two  rocks. 

The  mode  of  occurrence  of  the  gypsum  among  the  variegated 
marls  would  seem  to  show  that  the  latter  may  partly,  at  least, 
have  been  deposited  chemically.  There  is  much  also  in  their 
general  structure  which  would  not  oppose  the  supposition  that 
they  have  been  partly  produced  in  the  manner  of  chemical  pre- 
cipitates. For  the  lias  limestones  also,  and  their  alternating 
seams   and  beds   of  marls,    a  semi-chemical,   semi-mechanical 

*  q2 
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origin  may  be  considered  necessary.  Chemical  changes  in  the 
waters  in  which  both  rocks  were  formed  may  readily  have  taken 
place^  producing  very  different  conditions  for  the  existence  of 
animal  life  in  them  at  different  times.  Now,  though  the  per- 
oxide of  iron  which  appears,  combined  with  red  oxide  of  manga- 
nese, to  have  coloured  so  much  of  the  red  sandstone  series,  may 
not  have  been  soluble  in  the  waters  beneath  which  that  series  was 
produced,  the  iron  of  the  peroxide  may  readily  have  existed  in  a 
soluble  state  in  them  under  other  combinations,  iaind  have  been 
rendered  insoluble  by  chemical  changes,  so  that  it  was  thrown 
down  as  a  peroxide  among  the  detrital  and  sedim^itary  matter 
then  accumulating.  Waters  in  which  peroxide  of  iron  was  abun- 
dantly forming,  and  thrown  down  to  the  bottom,  would  scarcely, 
we  sRould  conceive,  supposing  even  that  no  other  chemical  con- 
dition in  them  was  noxious,  be  favourable  to  the  existence  of 
animal  life,  more  particularly  of  that  which  made  the  bottom  of 
the  sea,  or  the  sands  and  mud  immediately  beneath,  its  habitat 

When  the  lias  of  Lyme  Regis  was  formed,  iron  in  a  state  of 
peroxide  was  no  longer  intermingled  with  the  strata  then  deposited. 
The  beds  so  strongly  marked  by  it  and  the  red  oxide  of  manga- 
nese gradually  disappeared^  so  that  the  upper  deposits  of  the 
variegated  marls  became  light-coloured  and  interstratified  with 
black  shale,  the  light-coloured  marls  containing  a  small  portion 
of  carbonate  of  lime.  A  great  abundance  of  calcareous  matter 
then  succeeded,  mingled  with  mud ;  and  no  sooner  does  this  cal- 
careous matter  appear  than  we  detect  organic  remains,  so  that 
we  are  forcibly  struck  with  the  probability  that  a  change  of 
chemical  conditions,  in  the  waters  beneath  which  the  red  sand- 
stone series  and  the  lias  of  the  district  were  accumulated,  was 
among  the  chief  causes  of  their  fitness  for  the  animal  life  created 
to  suit  the  condition  of  this  part  of  tlie  earth's  surface  at  that 
geological  epoch. 

When  we  examine  into  the  mode  in  which  the  organic  remains 
occur  in  the  lias  of  Lyme  Regis,  we  soon  perceive  reason  to  con- 
clude, as  we  have  elsewhere  observed,*  that  the  mass  of  arpllo- 
calcareous  matter  of  which  it  is  composed  has  not  been  suddenly 
accumulated.  The  general  difference  in  the  organic  contents  of 
the  higher  and  lower  parts  of  the  rock,  and  the  manner  in  whiiA 

*  Geological  Maoual,  3rd  edit.  p.  347  (1833). 
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groups  of  fossils,  often  of  the  same  species  and  of  various  sizes, 
occur  in  seams  parallel  to  the  general  stratification,  show  not  only 
that  new  creations  may  have  taken  place  during  the  general  de- 
posit of  the  mass,  but  also  that  there  were  different  times  during 
the  production  of  the  lias,  when  marine  creatures  lived  and  died, 
arranged  in  horizontal  groups,  as  many  marine  creatures  are 
known  to  be  at  the  present  day,  upon  matter  which  then  consti- 
tuted the  bottom  of  the  sea,  deposit  succeeding  deposit  during 
intervals  in  which  many  marine  creatures  made  the  temporary 
bottoms  their  habitats.  That  temporary  bottoms  from  time  to 
time  existed,  seems  also  proved  by  the  coprolites,  or  fossil-fsecal 
bodies,  brought  to  light  by  the  labours  of  Dr.  Buckland,'*'  which 
sometimes  occur  in  seams  at  different  heights  in  the  lias,  showing 
the  surfaces  upon  which  they  were  dropped,  llie  coprolites 
also  frequently  occur  isolated  in  the  marls,  as  if  let  iall  from  above 
during  the  periods  when  muddy  matter  was  accumulating  upon 
these  temporary  bottoms,  the  creatures  from  which  they  proceeded 
continuing  to  swim  freely  in  the  superincumbent  waters  both  dur- 
ing the  accession  of  muddy  matter  to  the  bottom,  and  when  that 
matter  ceased  for  a  time  to  be  accumulated.i* 

From  the  manner  in  which  the  saurian  remains  occur,  many  of 
the  dead  animals  may  be  inferred  to  have  remained  sulBBciently 
k>ng  at  the  bottom  to  have  had  their  bones  somewhat  dispersed, 
in  part,  perhaps,  the  result  of  removal  by  the  fish  and  other 
animals  feeding  upon  the  flesh.  In  a  large  proportion  of  cases, 
however,  as  we  have  elsewhere  observed,^  these  remains  are  so 
beautifully  preserved,  their  bones  so  well  connected,  with  even  the 
contents  of  their  intestines  between  their  ribs,  and  with  traces  of 
skin  upon  them,§  that  many  Ichthyosauri  and  Plesiosauri  must 

*  For  an  account  of  Coproliten  and  their  content!,  we  refer  to  Dr.  Buckland*s 
■coioir  upon  them  in  the  Geological  Transiictioniy  2itd  series,  vol.  iii.  Part  i.  1829, 
umI  his  Bridg«waterTreati^e,  1836,  vol.  i.  p.  188—197. 

t  Dr.  Buckland  observes^,  in  addition  to  the  proof  of  the  intervals  between  the  de- 
pMits  of  the  component  parts  of  the  lias  afforded  by  many  he  ^s  having  become  the 
(cpostofy  of  coprolites,  diKpersed  singly  and  irregularly  at  intervals  far  distant  from 
eich  other,  **  ihat  thu««  surfaces  onljf  of  the  coprolites  which  lay  yppermo$i  at  the 
bottom  of  the  sea,  have  often  suffered  partial  de«tniction  frum  the  action  of  water 
Ithn  they  were  covered  and  protected  by  the  muddy  sediment  that  has  afterwards 
FomaaenUy  enveloped  them."    Bridgewater  Treatise,  \ol.  i.,  note,  p.  307. 

I  Geological  Manual,  3rd  edit.  (1833),  p.  346. 

f  Vagnified  repretfentatious  of  the  skin  of  an  Ichthyosaurus  from  the  lias  of  Barrow- 
03^MT,  Leicestershire,  are  given  in  Dr.  Buckland's  Bridgewater  TreatiMO,  vol.  ii. 
fl.  10,  figs.  A.  2,  3,  4. 
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have  been  suddenly  enveloped  alive,  or  immediately  after  death, 
by  the  matter  of  the  rock  now  enclosing  them,  so  that  nether  their 
decomposition  took  place  in  the  water,  nor  the  predaceous  animab 
existing  in  the  same  seas  had  access  to  their  bodies.  Fish  also 
are  so  frequently  found  entire  that  we  would  adopt  the  same  con- 
clusions respecting  their  remains,  so  that,  while  we  suppose  the 
lias  to  have  been  gradually  accumulated,  minor  accessions  to  the 
mass  from  time  to  time  may  have  been  more  suddenly  caused. 
The  numbers  of  Ammonites  found  under  conditions  from  which 
we  may  suspect  that  the  animal  was  alive  and  retreated  into  its 
shell  when  overwhelmed  with  mud,  are  considerable. 

From  the  structure  of  the  Pterodactyle  found  in  this  rock  near 
Lyme  Regis,  we  learn  that  dry  land  must  have  existed  sufficiently 
near  to  have  permitted  this  singular  animal  to  have  flown  upon  its 
bat-like  wings  until  it  fell  into  the  water,  and  became  buried  in 
mud  so  speedily  that  the  voracious  creatures  abounding  in  the 
waters  beneath  which  it  was  entombed  did  not  devour  it.*  That 
the  animals  which  inhabited  these  waters  were  voracious,  we  have 
abundant  evidence  in  the  coprolites  included  in  the  same  deposits 
with,  and  even  existing  amid,  the  bones  of  their  skeletons,  ance 
these  coprolites  not  only  contain  the  indigested  scales  of  the  fish> 
the  remains  of  which  are  found  included  in  the  same  beds  with 
the  Ichthyosauri  and  Plesiosauri,f  but  also  the  bones  of  young 
Ichthyosauri  and  Plesiosauri,  so  that  the  larger  animals  of  the  first 
genus,  for  the  latter  could  scarcely  have  swallowed  tliem,  must 
have  fed  upon  the  young  of  their  own  kind. 

We  must  refer  to  works  dedicated  to  an  account  of  the  anato- 
mical structure  of  the  Pterodactylus,  Plesiosaurus,  and  Ichthyo- 
saurus, for  a  description  of  the  probable  adaptation  of  the  parts 
of  these  creatures  to  particular  purposes.];     It  is  sufficient  for  our 

*  A  detailed  description,  by  Dr.  Bucklaod,  of  the  Pterodactylui  macronyz,  above 
alluded  to,  will  be  found  in  the  Geological  Transactions,  2nd  series,  vol.  iii.  He  con. 
siders  that  this  species  of  singular  saurians  adapted  for  flight  may  have  been  about 
the  sise  of  a  raven. 

f  ''  According  to  Profewor  Agassis,  the  scales  of  PhoHdopkonu  /imbaiuM,  a  species 
very  frequent  among  the  fossils  of  the  lias,  are  more  abundant  than  those  of  any 
other  fish  in  the  coprolites  found  in  that  formation  at  Lyme  Regis,  and  show  that 
this  species  was  the  principal  food  of  these  reptiles  (Ichthyosauri).  Bucklanik^s 
Bridgewater  Treatise,  vol.  i.p.  191. 

I  An  excellent  summary  of  the  anatomical  structure  of  these  creatureii,  and  of  the 
probable  adaptation  of  their  parts  to  particular  purposes,  will  be  found  in  Dr.  Buck.- 
land^s  Bridgewatvr  Treatise. 
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object  to  know  that  they  all  must  have  breathed  air,  that  the 
first  required  dry  land  to  live  upon,  that  the  second  was  adapted 
rather  to  live  in  water  in  sheltered  places  than  to  buffet  the  waves  of 
a  stormy  sea,  and  that  the  last  was  a  genus  of  powerfbl  reptiles, 
some  far  exceeding  in  sise  any  saurian  with  which  we  are  now  ac- 
quainted, capable  of  keeping  the  open  waters  and  seeking  its  prey 
among  waves  as  easily  as  numerous  cetaceous  animals  now  do. 

The  presence  of  the  Pterodactyles  and  the  Plesiosauri,  and  the 
occurrence  of  terrestrial  plants,  some  of  which,  from  the  state  in 
vrhidi  they  occur,  could  scarcely  have  suffered  a  long  transport 
from  their  place  of  growth,  would  induce  us  to  consider  that  dry 
land  may  not  have  been  far  distant  from  this  lias. 

Quitting  the  vicinity  of  Lyme  Regis  and  proceeding  northwards, 
we  can  trace  the  area  occupied  by  the  lias  under  the  Black  Down 
Hillsi,  and  in  the  country  extending  from  Axminster  to  Chard, 
prior  to  the  overspread  of  chalk  and  green  sand  in  that  part  of  the 
district,  by  means  of  the  valleys  of  denudation  which  have  been 
cut  through  the  latter  rocks.  Between  Axminster  and  Chard  we 
indeed  see  more  lias  than  was  exposed  at  the  time  of  this  overlap, 
inasmuch  as  the  valley  of  denudation  between  these  two  places 
has  laid  bare  that  rock  beneath  the  sands  of  the  inferior  ooUte, 
which  probably  extended  over  the  lias  in  that  locality  when  the 
green  sand  and  chalk  were  deposited. 

Emerging  from  beneath  the  green  sand  of  the  Black  Down 
Hills,  fronting  the  Yale  of  Taunton,  and  continued  from  beneath 
the  inferior  oolite  necur  Chard  and  Ilminster,  the  lias  forms  a  tract 
ofeoontry  occupying  several  square  miles,  the  continuation  of  the 
beds  whidi  occur  in  the  direction  of  Somerton.  By  making 
sections  across  this  lias  from  Stoke  Mary  and  Hatch  Beauchamp 
to  Ihninster,  it  is  not  difficult  to  see  that  there  is  a  very  general 
correspondence  with  that  obtained  at  Lyme  Regis,  though  the 
opportunities  of  studying  it  in  detail  are  not  frequent,  nor  from  the 
want  of  natural  or  artificial  exposure  are  tlie  organic  remains  so 
readily  obtained.  Though  much  broken  by  faults,  the  mass  of 
this  lias  may  be  considered  to  dip  towards  the  south-east. 

Near  Bridgewater  we  find  lias  which  rises  from  beneath  the 
Huotspill  levels  on  the  north,  and  rests  upon  variegated  marls 
00  the  south,  dipping  northward,  and  extending  from  Cossington 
to  Walpole.  The  sands  and  clays  of  the  levels  then  cover  it  up 
so  that  its  continuation  at  Pawlet  is  isolated.     Proceeding  west- 
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ward>  the  sands  and  clays  again  conceal  the  lias,  which  however 
reappears  at  Stockland  Bristol,  and  Otterhampton,  extending 
thence  by  Stokecourcy  and  Kilton  to  East  Quantock's  Head. 
Beyond  this,  in  the  same  direction,  its  connexion  with  the  Watchet 
patches  of  lias  are  concealed  by  the  sea ;  and,  though  the  whole  is 
broken  by  faults,  so  that  intervening  portions  of  the  inferior  rock 
are  brought  to  view  among  the  lias  (St.  Decuman  and  Rydon),  we 
may  regard  the  lias  observable  from  Cossington  to  Blue  Anchor, 
on  the  west  of  Watchet,  as  the  southern  exposed  portion  of  a 
large  mass  which  occurs  beneath  the  Huntspill  and  Bumham  levels 
(rising  above  them  at  Brent  Knole),  and  extends  under  the 
Bristol  Channel  to  the  opposite  south  coast  of  Glamorganshire, 
spreading  on  the  east  to  the  northern  side  of  the  Mendip  Hills, 
the  patches  whidi  occur  at  Culm  and  Newton,  near  Wick  St. 
Laurence,  and  at  Lorking,  emerging  from  the  sand  and  clays  of 
the  levels,  being  continuations  of  it  in  that  direction. 

The  general  characters  of  the  lias  in  the  northern  part  of  the 
district  are  much  the  same  as  those  we  have  noticed  on  the  south ; 
the  limestones  may  occasionally  be  less  thick,  and  more  maris  may 
here  and  there  prevail,  but  as  a  whole  there  is  considerable  re- 
semblance between  them.  Where  so  much  depends  upon  natural 
or  artificial  exposure  it  would  be  hazardous  to  form  an  opinion, 
unless  these  conditions  were  nearly  equal,  respecting  any  differences 
which  may  exist  in  the  abundance  of  organic  remains  in  various 
situations.  In  all  probability  the  lias  differs  in  this  respect,  and 
in  the  number  of  the  individuals  of  the  species  entombed  in  different 
localities,  even  when  those  species  may  not  be  altogether  absent 
We  may  expect  that  species  foimd  in  some  places  may  not  be 
discovered  in  others,  since  we  can  scarcely  anticipate  that  it  would 
be  otherwise,  or  that  all  the  creatures  existing  even  upon  a 
moderately-sized  area  in  the  waters  beneath  which  this  mass  of 
calcareous  matter  and  mud  was  accumulated  would  be  found  in 
one  locality.* 

When  we  search  for  the  dry  land  on  which  the  plants  may 
have  grown,  and  the  Pterodactyles  lived,  the  remains  of  whkh  are 
detected  in  the  lias  in  the  district,  and  near  the  coasts  of  which  the 
Plesiosauri  may  have  lurked  in  watch  for  their  prey,  we  are  some- 
what at  a  loss  to  know,  even  approximatively,  the  distance  to 

*  Ammomtet  pianorbu,  and  A.  Johnttoniiy  found  at  Watchet,  have  not  yet  been 
detected,  we  l>eiieve,  on  the  noiith. 
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which  the  lias  extended  over  the  present  exposed  portions  of  the 
adjoining  red  sandstone  series.  In  parts  of  the  Mendip  Hills, 
on  the  opposite  parts  of  Glamorganshire,  and  also  within  the 
district  between  Porlock  and  Minehead,  we  find  the  lias  resting 
upon  rocks  older  than  the  red  sandstone  series,  and  hence  we  cannot 
be  certain  that  it  may  not  have  covered  a  very  considerable  portion 
of  the  area  now  occupied  by  that  series,  having  been  carried  away 
by  the  various  denuding  causes  which  have  removed  solid  matter 
from  that  area  since  the  deposit  of  the  lias  to  the  present  day. 
There  is  an  evident  disposition  in  the  outline  and  dip  of  the  lias  to 
conform  to  the  range  of  grauwacke  and  carbonaceous  rocks  on  the 
west,  making  due  allowance  for  the  faults  by  which  it  has  been 
broken,  and  the  denudation  which  it  has  suffered.  From  the 
vicinity  of  Lyme  Regis  it  ranges  northerly  to  the  neighliourhood 
of  Taunton.  It  then  curves  away  conformably  with  the  projection 
of  the  Quantock  Hills  towards  the  south-east,  and  sweeps  round 
the  same  hills  towards  Dunster,  more  closely  approaching  their 
northern  part  near  East  Quantock's  Head  and  St.  Audries.  It 
teems  clearly  again  to  conform  to  the  outline  of  the  western  parts 
of  the  Mendips,  and  to  have  run  among  the  outstanding  hills 
of  Worle  and  Middle  Hope,  on  the  north. 

Taking  the  levels  where  it  overlaps  the  red  sandstone  series 
near  Porlock,  on  the  Mendips,  and  in  Glamorganshire,  and 
allowing  for  the  changes  caused  by  fSaults,  we  appear  to  have  a 
depression  above  which  the  Mendip  Hills,  the  Quantocks,  Exmoor, 
and  other  high  land  ranging  to  the  southward,  were  raised,  and 
may  readily  have  formed  parts  of  the  dry  land  from  which  the 
vegetation  was  drifted,  and  on  which  the  Pterodactyles  lived. 
This  higher  land  may  or  may  not  have  risen  immediately  above 
the  waters  in  which  the  lias  was  deposited.  When  we  regard  the 
gradually-diminishing  areas  in  which  the  various  members  of  the 
oolitic  series  seem  to  have  been  formed,  and  consider  that  upon 
its  highest  part,  the  Portland  oolite,  we  find  evidence  of  the 
existence  of  dry  land  supporting  vegetation  before  the  rocks  next 
in  the  general  series  were  produced,  we  may  probably  infer  a 
gradtial  rise  of  the  whole  southern  part  of  England,  and  probably 
also  of  a  far  more  extended  area,  so  that  the  seas  became  more 
and  more  confined,  the  lower  deposits  gradually  rising  into  dry 
land  while  the  upper  were  forming.  Low  shores  would  thus 
constantly  present  themselves,  tenanted  by  the  various  creatures 
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which  were  in  part  buried  beneath  the  various  accumulations  that 
then  successively  took  place. 

Adopting  the  view  of  gradually-diminishing  areas  of  sea,  and 
the  formation  of  dry  land  by  soth  decrease^  until  a  portion 
of  western  Europe^  composed  of  a  large  part  of  the  oolitic  series 
and  of  older  rocks,  disturbed  only  prior  to  its  deposit,  may  have 
risen  above  the  sea,  a  large  part  of  the  red  sandstone  series  of 
our  district  may  have  formed  low  land  extending  from  the  shores 
of  the  coasts  against  which  it  was  deposited  to  the  margin  of  the 
sea  on  which  the  lias  was  formed,  the  Mendip  Hills,  the  Quantocks, 
and  Exmoor,  and  the  other  western  high  land  rising  above  the 
low  country,  as  the  lias  itself  and  other  rocks  now  rise  above  the 
great  Bridgewater,  Glastonbury,  Hutton,  and  King  Seymour 
levels. 

Infeiior  Oolite. 

The  only  part  of  this  rock  which  comes  within  our  district 
consists  of  the  inferior  sands,  which,  resting  on  lias,  emerge 
from  beneath  the  green  sand  and  chalk  of  the  neighbouring  hills 
between  Hawkchurch  (near  Axminster)  and  Ilminster,  where  it 
spreads  to  the  eastward^  out  of  the  area  under  consideration. 

The  best  sections  of  these  sands  are  seen  near  Ilminster,  and 
will  be  found  to  correspond  with  those  obtained  near  Lyme  Regis 
and  Bridport,  where  the  beds  are  much  better  exposed  on  the 
cliflFsCp.  222). 

The  oolitic  rock  from  which  this  deposit  acquires  its  name  does 
not  occur  in  the  district,  as  it  does  not  extend  eastward  sufficiently 
far  to  include  it ;  but  it  can  be  readily  seen  to  advantage  on 
Chideock  H  11,  between  Lyme  Regis  and  Bridport,  where  a  coarse 
oolitic  limestone  is  found  with  irregularly-interspersed  grains  of 
hydrate  of  iron,  and  a  light  brown  limestone  is  worked.  Irregular 
beds  of  calcareo-siliceous  sandstone  occur  in  the  brown  and 
yellow  micaceous  sands  beneath  this  limestone,  which,  it  should 
be  observed,  contains  a  great  variety  of  organic  remains,  as  do 
its  equivalents  in  so  many  localities,  among  which  Dundry  near 
Bristol,  and  Bayeux  in  Normandy,  are  particularly  remarkable. 

The  passage  of  these  beds  into  the  li&s  beneath  is  so  gradual 
that  any  divisional  line  between  them  is  purely  arbitrary.  To  mud 
has  succeeded  sand,  and  this  again  became  covered  by  limestone. 
The  causes  which  produced  the  mud,  generally  calcareous^  of  the 
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lias  eeased,  sands  were  accumulated  on,  at  least,  the  shores'*'  of 
the  seas  in  which  they  were  drifted,  and  new  creatures  succeeded 
those  the  remains  of  which  were  buried  beneath  the  mud  and 
calcareous  matter  of  the  lias.  These  sands,  if  they  were  abun- 
dantly tenanted  or  covered  by  marine  animals,  have  not  preserved 
many  of  their  exuviae,  for  organic  remains  are  scarce  in  them, 
compared  with  those  we  find  in  the  lias.  Among  those  which 
have  been  preserved  the  Ophiura  Egertoni  (Broderip,  Greol. 
Trans.,  2nd  series,  vol.  v.  pi.  12,  fig.  5)  seems  prevalent  in  the 
lower  sandstones. 

Chalk  and  Green  Sand. 

By  reference  to  the  maps  it  will  be  observed,  that  the  higher 
parts  of  the  Black  Down  Hills,  and  of  others  which  rise  on  the 
coast  near  Sidmouth,  Seaton,  and  Lyme  Regis,  and  in  the  interior 
near  Axminster  and  Chard,  are  covered  by  green  sand,  occasion- 
ally surmounted  by  chalk.  Outlying  portions  of  green  sand  will 
be  seen  also  to  occupy  the  higher  parts  of  the  Haldon  Hills 
between  Exeter  and  the  coast,  and  to  occur  in  the  lower  land 
between  Chudleigh  and  Newton  Bushell,  rising  upon  Milber 
Down  near  the  latter  place.  An  isolated  patch  is  also  found  upon 
Black  Hill,  near  Exmouth,  forming  a  connecting  link  between 
the  green  sand  of  the  Haldons  and  that  of  the  heights  near 
Sidmouth. 

From  their  mode  of  occurrence  there  will  be  little  difficulty  in 
conceiving  that  a  far  wider  area  was  once  overspread  by  green  sand 
and  chalk  in  the  district  than  is  now  covered  by  them ;  tliat,  in 
fact,  the  green  sands  of  the  Haldons  and  the  Black  Down  Hills 
were  once  united,  forming  continuous  portions  of  a  great  arena- 
ccrous  deposit,  the  intermediate  portions  of  which  have  been 
removed  by  denuding  causes  that  have  not  only  borne  away  the 
connecting  sands,  but  have  also  scooped  deeply  into  the  supporting 
and  older  rocks.     Such  an  extensive  destruction  of  a  deposit, 

*  In  cumpany  tvith  Dr.  Buckland,  we  observed  a  fact  among  the  stony  massvs  of 
tbc  aiikUe  rrgion  of  the  inferior  oolite  which  would  appear  to  mark  the  presence  of 
ihillow  water,  if  not  of  a  shore,  duiin|{the  accumulation  uf  this  rock.  Beneath  Dowtt 
Ciitf  (on  the  wi>st  of  Bridpori)  there  is  a  breccia  or  conglomerate  of  rolled  frag-  , 
OKBts  of  coarse  oolite,  nut  differing  in  character  from  the  strata  of  which  they 
brv  a  part.  The  fragments  have  been  pierced  by  small  Lithodomous  animals  before 
they  weiw  included  iu  the  conglomerate,  resembling  the  limestone  pebbles  often  thus 
p«fccd  on  many  coasts.    GeoL  Trans.,  2 ad  series,  voLivt  p.  31. 
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which  certainly,  from  its  slight  state  of  cohesion,  would  afford 
no  great  resistance  to  denuding  forces  exerted  upon  them,  would 
prepare  us  for  outlying  patches  still  further  distant  from  the  main 
body  of  chalk  and  green  sand  which  occurs  so  extensively,  either 
exposed  on  the  surface  or  covered  by  more  modem  deposits,  over 
a  large  portion  of  England.  Our  surprise  is  therefore  less  than  it 
would  otherwise  be  to  detect  a  very  small  portion  of  green  sand, 
few  acres  in  area,  isolated  at  Orleigh  Court,  near  Bideford,* 
forty-three  miles  and  a  half  from  the  green  sand  of  the  Black 
Down  Hills,  and  thirty-six  miles  from  that  of  Great  Haldon 
Hill,  which  is  the  nearest  to  it. 

When  we  examine  narrowly  into  the  mode  in  which  the  green 
sand  rests  upon  older  rocks  in  the  Black  Down  Hills,  and  in  the 
adjoining  country  on  the  east  and  south,  we  find  it  much  broken 
by  faults,  so  that  the  levels  at  which  it  comes  into  contact  with 
them  are  very  different.  In  addition  to  which,  we  discover  the 
chalk  and  green  sand  resting  upon  red  marls,  occupying  a  de- 
pression near  Beer,  which,  whether  formed  by  a  disturbance 
of  the  subjacent  beds  posterior  or  anterior  to  the  deposit  of  the 
former,  brings  down  the  chalk  to  the  present  level  of  the  sea  at 
Beer  Head.  This  depression  may  either  have  been  due  to  disturb- 
ance of  the  beds  subsequently  to  the  formation  of  the  chalk  and 
green  sand,  or  the  latter  may  have  filled  up  an  inequality  existing 
in  the  older  rocks  at  the  time  of  their  accumulation.  Be  this  as 
it  may,  this  depression  leads  us  to  consider  that  the  basin  of  green 
sand  which  appears  to  support  a  large  part  of  the  supracretaceous 
Bovey  deposit,  between  Chudleigh  and  Newton  Bushell,  and 
which  has  recently  been  brought  to  light  by  the  labours  of 
Mr.  Austen,  may  readily  be  the  continuation  of  the  Haldon  green 
sand  into  an  adjoining  depression  on  the  west,  and  that  the  differ- 
ence of  level  between  the  deposits,  though  considerable,  may 
have  been  produced  in  a  similar  manner,  even  without  the  aid  of 
great  faults.  As  faults  are,  however,  abundant  in  the  vicinity, 
probably  a  combination  of  them  and  of  a  depression  produced 
either  previous  or  subsequently  to  the  deposit  of  the  green  sand 
may  best  explain  the  phenomena  observed. 

The  situation  of  the  various  patches  of  chalk  will  be  seeu  by 
reference  to  the  maps.  They  are  sometimes  isolated  by  denu- 
dation,  at  others  partly  by  denudation  and  partly  by  faults.  The 
*  Thifi  remarkable  patch  was  pointed  out  to  ui  by  the  Rtv.  W.  Bilton. 
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patches  between  Sidmouth  and  Lyme  Regis  ;  at  Brice  Moor^  near 
Otterrord,  in  the  Black  Down  Hills ;  at  White  Stanton  and  at 
Northay,  near  the  latter  place ;  above  Clanger^  near  Combe  St. 
Nicholas ;  and  at  Whitemoor  Hill,  on  the  east  of  Chard,  belong 
to  the  former  class,  while  those  of  Widworthy  and  Membury, 
with  that  extending  from  Combe  St.  Nicholas  to  Chardstock,  are 
referable  to  the  latter. 

Hie  following  is  a  general  section  of  the  chalk  and  green  sand 
near  Lyme  Regis,  in  the  descending  order : — 

1.  Chalk  with  flints. 

The  upper  part  cut  off  by  denuding  causes.  Flints  very  numerous  and 
in  layers  for  about  one  hundred  Teet,  occasionally  mixed  with  continuous 
teams  of  the  same  substance.  In  the  lower  part,  for  about  fifty  feet,  the 
flints  more  rare,  gradually  losing  the  appearance  of  being  distributed  in 
layers,  finally  occurring  as  detached  pieces,  without  order,  in  the  mass  of 
chaUc 

2.  Chalk  wkhoat  flints. 

In  general  tolerably  hard,  and  from  thirty  to  forty  feet  thick. 

3.  Chalk  with  quarts  grains. 

This  division  gradually  acquires  small  irregularly-rounded  grains  of  white 
qnaitx,  and  ends  by  becoming  thickly  studded  with  themy  thence  acquiring 
cflosiderable  hardness.  Thickness,  from  twenty  to  thirty  feet.  At  the 
bottom  there  is  usually  a  very  hard  compact  bed,  three  feet  thick,  in  which 
the  quarts  and  siliceous  matter  greatly  predominate. 
4  Yellowish-brown  sandstone  with  chert  seams. 

Upper  part,  for  about  twelve  feet,  does  not  contain  chert  in  regular  seams, 
but  in  detached  pieces.  Here  and  ihere  green  earth,  with  thin  veins  and 
specks  of  oxide  of  iron.  To  this  succeeds  compact  and  yellowish-brown 
siliceous  sandstone  with  regular  chert  seams,  several  inches  thick,  cavities 
in  them  aflbrding  fine  specimens  of  chalcedony.  Layers  of  broken  shells 
among  the  chert  seams.  Thickness  of  this  division  about  seventy  or  eighty 
feet. 

5.  Yellowish-brown  sand  (termed /ox-fiMit/i). 

Yellowish-brown  sand,  slightly  aggregated,  of  various  intensity  of  tint, — 
oontuns  grven  earth  at  its  have,  where  it  graduates  into  the  next  division. 
Thickness  about  seventy  or  eighty  feet.    Organic  remains  rare. 

6.  Green  sand  and  sandstone. 

Composed  uf  a  mixture  of  green  earth  (silicate  of  bon)  and  siliceous  sand, 

with  occasionally  some  argillaceous  matter.    Contains  indurated  nodules 

and  seams  in  its  lower  part,  known  locally  by  the*  name  of  Cow  Siimf. 

These  sometimes  contain  mica  and  calcareous  matter.    The  whole  division 

is  about  forty  or  fifty  feet  thick,  and  abounds  in  organic  remains. 

The  chalk  with  flints  does  not  appear  so  fossiliferous  as  it  is  in 

the  more  eastern  parts  of  England ;  the  organic  remains  detected 

in  it  seem  to  be  the  same  with  those  so  well  known  to  occur  in  it 

in  that  direction.     The  most  abundant  fossils  of  the  chalk  without 

flints  would  appear  to  be  Catillus  Cuvieri  (Brongniart,  Env.  de 
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Paris,  pL  iv.  fig.  10. — Inaceramus  Cuvieri,  Sowerby),  and  the 
MytUoides  labiatus  (Brong.  Env.  de  Paris,  pi.  iii«  fig.  4. — Itwce- 
ramus  mytUoides,  Sow.).  The  chalk  with  quartz  grains  is 
extremely  fossiliferous.  Among  the  organic  remains  are  the 
following : — Radiaria,  Cidaris  varioralis  (Brongniart),  Echinus 
areolaius  (Wahl.),  GcUerites  albo-galems  (Lamark),  Echi'naneus 
lampas  (De  la  B.)  ; — Conchifera,  Ostrea  vesicularis  (Lam.), 
Pachymya  Gigas  (Sowerby)  ; — Mollusca,  Trochus  Rhodani 
(Brong.),  Belemnites,  Nautilus  (two  species),  Seaphites  (two 
species),  Ammonites  varians  (Sow.),  A.  Hippocastanum  (Sow.), 
Turrilites.  With  Alcyonia,  encrinal  remains,  and  fish  teeth  and 
palates. 

In  the  upper  part  of  the  yellowish-brown  sandstone  with  chert 
seams  we  find  an  abundance  of  broken  shells,  among  which  frag- 
ments of  oysters  and  pectens  are  distinguishable.  The  vertebrae, 
scales,  and  teeth  of  fish  are  also  obtained  from  it.  In  the  lower  part 
the  Exogyra  digita^a  (Sow.)  is  common,  and  apparently  fragments 
of  it  form  a  portion  of  the  layers  of  broken  shells  which  occur  in 
this  division.  Fossil  dicotyledonous  wood  occurs  in  it,  frequently 
much  bored  by  some  animal,  the  holes  generally  filled  with 
chalcedony.  A  few  scattered  fragments  of  i^ells  are  only  observ- 
able in  the  yellowish-brown  sand,  but  the  green  sand  and  sand- 
stone beneath  is  fiiU  of  organic  remains,  among  which  may  be 
enumerated — 

PLANT  Jl. 

Abiet  cblonga      ....  Lindley  and  Hutton,  Fossil  Flora,  vol.  ii.  pL  137. 
Other  plants  not  yet  determined. 

ANNULATA. 

Serpmla  mUi^uaia     .     .     .  Sow.,  Min.  Con.  pi.  598,  fig.  4. 

OONOUIVKBA. 

Terebratuia  bipiteata,     .  .  Sow.,  Min.  Ckmchology,  pi.  90. 

Ostrea  earwaia    ....  Lamarck — ^figured  Min.  Con.  pi.  365. 

Orypkofa  camiieuimta     .  .  Sow.,  Min.  Con.,  pi.  26. 

Pteten  qmnqneeottatma  ^  .  *  Sow.,  Min.Cou.,  pi.  56. 

asper  .....  Sow.,  Min.  Con.,  pi.  370. 

— —  orbicuiarit     .     .  .  Sow.,  Min.  Con.,  pi.  186. 

ittoceramug  grypkaoidf,  .  Sow.,  Min.  Con.,  pi.  684,  fig.  1. 

— — -  eonoeniricut  .  .  Sow.,  Min.  Con.,  pi.  305. 

Oervilliaameuividtt  »     .  .  Sow.,  Min.  Con.,  pi.  511,  figs.  l'*4. 

■                toitmidet  .     .  .  Sow.,  Min.  Con.,  pi.  510,  figs.  1—4. 

Mf/ilui  lanceotaiuM   .      .  .  Sow.,  Min.  Con.,  439,  fig.  2. 

TYigcmia  aimfttrmi*   .      .  •  Sow.,  Min.  Con.,  pi.  215. 

•  tfiftom  .     .     .  .  Sow.,  Min.  Con.,  pi.  86. 

Nuculapectwata,     .     .  .  Sow.,  Min.  Con.,  pi.  192,  figs.  6,  7. 
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Area  r^tundaia  • 
OtatlUta  glahrm  , 
eoBifUata 


CviHmm  HiUdmtm 
Axtartt  Mtnata 

intttt  UnMOIT  • 

Vemnf  mAmerta 
Cft^enaparva    . 

-plana  • 

~  cuptTttla 

TMmim^quaiu 

• tinatu/a » 

Lmrmia  ttriaia  . 

Mj/awumSbmia  . 


Sow.,  Milk  Cod.,  pi.  472,  fig.  4. 
,  Sow.,  Geol.  Trans.,  vol.  iy.  pi.  17,  fig.  8. 

Sow.,  Min.  Con.,  pi.  67. 

Sow.,  Mia.  Con.  pL  447,  fig.  2. 

Sow.,  Min.  Con.,  pi*  206,  figs.  3, 4. 

Sow.,  Min.  Con.,  pi.  14. 

Sow.,  Min.  Con.,  pi.  137,  fit?.  2. 

Sow.,  Min.  Con.,  pi.  513,  figs.  5, 6. 

Sow.,  Geol.  Trans.,  2nd  series,  vol.  iv.  pi.  1 7,  fig.  4. 

Sow.,  Min.  Con.,  pi.  518. 
,  Sow.,  Min.  Con.,  pi.  20. 
.  Sow.,  Mia.  Con.,  pL  518,  fig.  1. 

Sow.,  Min.  Con.,  pi.  456,  fig.  2. 

Sow.,  Min.  Con., pi  456,  fig.  1. 

Sow.,  Min.  Con.,  pi.  534,  fig.  1. 

Sow.,  Min.  Con.,  pi.  419. 

Sow.,  Mia.  Con.^  pi.  43. 


AmriemUimerutaia 
Ferme/me 


NmHibmumpUx 


apiemiem 


AtUiati  hmgimtamtM 


Sow.,  Min.  Con.,  pi.  163,  figs.  1,  2,  3. 
Sow.,  GeoL  Trans.,  vol.  iv.  pi.  18,  fig.  10. 

Sow.,  Min.  Con.,  pi.  122. 

Sow.,  Min.  Con.,  pi.  1 16. 
.  Sow.,  Min.  Con.,  pi.  255. 

Sow.,  Min.  Con.,  pi.  103. 
,  Sow.,  Min.  Con.,  pi.  176. 

CRUHTACEA. 

Sow.,  Zoological  Journal,  vol.  ii.,  pi.  17.,  figs.  1,  2. 


Tbe  following  is  a  section  of  the  chalk  and  green  sand  at  White 
Cliff  Beer:— 

1.  Chalk  with  numerous  flints,  generally  in  layers. 

2.  Chalk  in  which  flints  are  more  rare,  and  disseminated  through  the  mass. 

3^  Compact  hed  containing  much  siliceous  matter,  equivalent  to  the  chalk  with 
quarts  grains  near  Lyme  Regis. 
(The  chalk  near  Beer  is  probably  about  the  same  thickness  as  in  the  vici- 
nity- of  Lyme  Regis.) 
a.  TeHowinh-white  sandittone. 

4.  Nodal—  of  compact  light-coloured  sandstone,  eonnected  by  saadslone  con- 
taining green  earth, 
c  TdlowishrbrowD  sandstone  containing  chert  seams. 
d.  Telkwish  sandstone  with  some  green  earth  and  numerous  quarts  grains. 
4^/e.  Nodoics  of  chert  in  jrellowish-brovm  sandstone. 
^  /.  Sandstone  abounding  in  green  earth,  intennixed  with  nodules  of  light- coloure<l 

sandstone. 

f.  Tellowish-brown  sandstone  with  chert  seams. 
k.  Large-grained  sandstone,  containing  the  teeth  and  vertebra  of  fith,  with 

ttoken  shells,  ftc. 
.  Tfellowish-brownr  sandstone  with  chert  seams. 
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5.  Greenish-yellow  and  brown  sandis,  (equivalent  to  ih^/ox-mimld  of  the  Lyme 

Regis  section.) 
Contain  chert  nodules.    The  tipper  parts  of  these  sands  of  various  shades 
of  colour. 

6.  Cheen  sands  and  sandstones,  the  latter  in  concietioDaiy  layers.  Contains  many 

organic  remains. 

The  chief  difference  between  this  section  and  that  near  Lyme 
Regis  consists  in  the  greater  development  of  the  subdivision 
No.  4,  and  in  the  presence  of  chert  nodules  and  a  larger  quantity 
of  green  earth  in  the  subdivision  No.  5,  near  Beer. 

Within  the  neighbourhood  of  that  village  there  is  also  another 
modification  in  the  series  effected  within  the  distance  of  about  a 
mile.  At  Beer  Cove  the  compact  bed  at  the  base  of  the  chalk  may 
be  seen  at  low  water  to  make  a  basin-shaped  curve,  dipping  from 
White  Cliff  on  the  east,  and  rising  towards  the  line  of  cliffs  extend- 
ing to  Beer  Head  on  the  west.  At  the  Beer-stone  quarries  cm  the 
west  of  the  village,  beds  of  white  calcareous  rock  of  variable  hard- 
ness occur  immediately  beneath  the  chalk  without  flints.  Through 
them  are  partially  disseminated  brilliant  fascets  of  carbonate  of 
lime,  and  some  green  earth, — they  also  contain  argillaceous  and 
siliceous  matter,  the  different  beds  varying  in  this  respect 
There  are  eight  of  these  beds^  forming  a  thickness  of  twelve  feet 
four  inches,  resting  upon  a  hard  white  calcareous  rock  five  or  six 
feet  thick,  which  reposes  upon  sandstones. 

The  Beer-stone  extends  towards  Branscombe  CUff,  where  a 
shad  has  been  sunk  upon  the  hill,  and  a  level  driven  from  the 
cliff.  The  section  here  obtained  would  be  as  follows^  employing 
the  same  general  subdivisions  as  in  the  other  sections. 

1.  Chalk  with  flints. 

2.  Chalk  without  flints — indurated. 

3.  Beer-stone ;  including  the  hard  calcareous  bed  beneath  it. 

a.  Light-coloured  compact  sandstone. 
6.  Sandstone  with  quartsose  grains. 
.     c.  Compact  beds  of  the  same. 

d.  Sandstone  with  green  earth :  a  compact  bed  and  lemiginous  portions  in 
the  higher  part, 
^e.  Sandstone  with  chert  seams. 

The  remainder  of  the  section,  in  the  descending  order,  is  nearly 
the  same  as  at  White  Cliff. 

Dr.  Fitton  enumerates  Thetis  major,  Inoceramus  sulceUus, 
Pecten  (a  new  species),  Oiyphcea  vesiculosa,  Exogyra  conica,  E. 
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lavigaia,*  and  Ostrea  macroptera,  as  found  in  the  sands  beneath 
the  chalk  at  Beer  Head.f 

As  far  as  the  sections  of  the  chalk  and  green  sand  can  be  deter- 
mined in  the  direction  of  Membury  and  Chard,  they  would  appear 
to  correspond,  excepting  in  a  few  minor  points,  with  those  obtained 
near  Lyme  Ragis.^  Broken  by  faults,  and  probably  also  resting 
upon  an  uneven  surface  of  lias,  red  and  variegated  marls,  and  red 
sandstone,  the  green  sands  (employing  the  usual  term  for  those 
beneath  the  chalk  and  above  the  Wealden  rocks)  are  seen  to  be 
covered  westward,  upon  the  Black  Down  Hills,  as  far  as  Brice  Moor 
nearOtterford  on  the  north,  near  Widworthy  on  the  south,  and  still 
further  in  the  same  direction  on  the  coast  between  Sidmouth  and 
Weston  Mouth,  by  patches  of  chalk.  From  the  prevalence  of 
unrolled  chalk  flints  above  the  green  sand  over  a  large  portion  of 
the  Black  Down  Hills,  upon  Haldon  Hills,  the  adjoining  depres- 
sion of  Bovey,  and  even  upon  the  small  isolated  patch  of  green  sand 
at  Orleigh  Court  near  Bideford,  it  is  clear  that  this  rock  has  once 
overspread  Devonshire  very  extensively.  From  the  mode  in  which 
the  upper  surface  of  the  chalk  has  been  furrowed  before  the 
deposit  of  the  plastic  clay  series,  to  be  next  noticed,  so  that  the 
nsiDor  outlying  patches,  as  can  be  well  seen  at  Dunscombe  on  the 
east  of  Sidmouth,  seem  mere  portions  which  have  remained  after 
the  erosion  which  then  took  place,  a  great  denudation  of  the 
chalk  in  this  district  appears  to  have  been  effected  before  the 
production  of  the  beds  that  now  constitute  a  large  portion  of  the 
dry  land  of  Europe,  though  it  seems  probable,  as  we  find  the 
ivmains  of  the  plastic  clay  series,  also  isolated  in  patches,  generally 
crowning  those  of  green  sand  and  chalk,  that  no  small  portion  of 
clie  chalk  may  have  been  removed  by  the  same  causes  which 
carried  away  so  large  a  portion  of  the  detrital  matter  that  con- 
stttoted  that  series. 

From  these  denuding  causes,  the  apparently  uneven  surface  of 
older  rocks  upon  which  the  cretaceous  series  (chalk  and  green 
sand)   was   deposited,    and   the  faults  by  which  the   beds  are 

*  In  Uie  toft  agglutinated  sand  abonndiDg  in  green  particles  which  constitute" 
the  Inrcat  part  of  the  green  sands  at  Beer  Head. 

\  Obterratiuns  on  some  of  the  strata  between  the  chalk  and  the  Oxford  oolite,  in 
tbc  sooth-cast  of  England,  Geol.  Trans.,  2nd  series,  vol.  iv.,  pp.  240,  241, 242. 

I  Near  Cbardstock  the  organic  remains  in  the  lower  beds  of  the  chalk,  usually 
'•^"^'■rg  qiiartx  grains,  are  very  numerous. 

R 
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traversed,  masses  of  chalk  and  green  sand  of  very  unequal  thidi- 
ness  occur  on  the  Black  Down  Hills,  and  upon  their  continuation 
to  the  southward. 

The  sands  capping  the  hills  which  face  the  lower  lands  on  the 
west  are  not  above  one  hundred  feet  in  depth.  They  are  appa- 
rently the  remains  of  the  beds  of  which  the  equivalents  occur 
beneath  the  sands  and  sandstones  with  chert  seams^  marked  Na  4, 
in  the  preceding  sections  near  Lyme  Regis  and  Beer,  the  de- 
struction of  the  latter  having  furnished  the  abundant  fragments 
of  chert  with  which  they  are  usually  covered. 

As  Dr.  Fitton  has  observed,  the  western  escarpment  of  the 
Black  Down  Hills  from  Punchey  Down  to  Upcot  Pen  is  marked 
by  an  almost  continuous  horizontal  stripe  of  white,  formed  by  the 
refuse  thrown  from  levels  driven  into  the  hills  in  search  of  the 
concretions  of  the  green  sands  which  are  there  extensively  worked 
for  sithe-stones.  More  interrupted  lines  may  also  be  seen  in  the 
escarpment  facing  Broadhembury,  and  the  continuance  of  the  same 
concretions  may  be  traced  by  the  refuse  heaps  in  several  other 
places.  These  concretions,  which  are  of  a  very  irregular  form, 
occur  in  layers  of  variable  thickness  in  looser  sand.  Four  of  the 
layers  afford  the  sithe-stones,  and  the  whole  occupies,  as  has  been 
noticed  by  Dr.  Fitton,  a  thickness  varying  from  twelve  to.  eighteen 
feet.'*'  Beneath  these  concretionary  layera  there  appears  to  be  a 
depth  of  about  twenty  feet  of  brown  or  light-brown  sand,  and 
above  them  a  thickness  of  fifty  or  sixty  feet  of  similar  sands  with 
a  slightly  different  tint. 

From  these  workings  very  numerous  organic  remains  have  been 
obtained,  generally  in  fine  preservation,  and  easily  separable  from 
the  sands  or  sandstones  containing  them,  being  chiefly  converted 
into  chalcedony.  As  this  locality,  is  important  with  regard  to  the 
evidence  of  the  kind  of  animal  life  which  existed  in  the  seas  over 
that  part  of  the  district  when  the  cretaceous  series  was  accumu- 
lating, we  have  extracted  the  following  list  of  the  fossils  that  have 
been  obtained  from  thence  which  is  given  in  Dr.  Fitton^s  valuable 
memoir  on  the  strata  between  the  chalk  and  Oxford  oolite  in  the 
south-east  of  England,  merely  adding  some  localities  in  Sussex, 
on  the  authority  of  Dr.  Mantell's  works,  and  others  on  the  con- 
tinent, where  it  has  been  stated  that  some  of  the  same  species  have 
been  found. 

*  Geol.  Trans.)  2ii(l  series,  vol,  iv.  p.  237. 
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POLTPABIA. 

Siphmiapffriformi:     .  Qoldfuts      .   Oo/iietintt.    Stroitbeig  (Qoldf.). 

BAOIAUA. 

SpatoMffUM  Bw/o     .     .  Brongmart   .   Cka/k,    Meudon,    Hatre    (Bioiig.)j    Sus- 

•te  (Mant) ;  Aix-laOhapelle ;  MaMtrieht 
(Goldf.);  BaettetUelimeifoite,  Normandy 
(Deiii.) 


(Anothettpe- 

I  probably  new)  • 


Strpmia 


-  amiiquaia 

-  cormeUa 

-  piex^f 


•PbUkipealmviM 


notnpntea. 


ANNULATA. 

Sowerby  .     .  Chaik,  Sawex  (Mant.) ;  NTorfolk  (Bamas). 

.     .  U.  G.&  Kent  and  Dorset     L.G.S,  Kent 

<F.)t 


'  .     .  Chalk,  Sussex  (Mant) 

CIRRIPBDA. 

Sowerby  .     .  G^  Kent,  (F.) 

coMcaivaiu. 
Sowerby  .     .  L.  O.  S.,  Kent  (F.) 


Imtraria  f'striaia    •      . 
^Matirm  angwia  »     .      ,  . 
*Ampkid€9maa  tarnktrio'  • 

iMRt 

CbrkrZse&^M*      .      .  . 


L,  Q.  S.J  Hampshire  (F.) 


*P^trinU  tammHmialm 


f  TIm  abbieviations  employed  in  this  list  aie  as  follows  :— 


K  G.  &     .      .     •  Upper  green  sand. 

6 Gaolt 

L'O.  S.     .      .     .  Lower  green  sand. 

^. Fitton. 

Brtmg.        •     .     .  Alo  Brongniart 

Aeaa.  •     .      .      •  Desnoyers. 

^V-.   ....  DuMnoy. 

J^m.    ....  Dumont. 

GM^.  ....  Goldfuss. 

Wbere  an  *  is  prefixed  to  the  name  of  the  species,  it  is  figured  in  the  plates  at- 
tacbed  to  Dr.  Fitton's  memoir,  GeoL  Trans.,  2nd  series,  vol.  iv. 

r2 


Ber.     .....  Herault 

Loiu,    «...  Lonsdale. 

Mant.  ....  Mantell. 

NUt.     ....  Nilsson. 

Piu.      ....  Passy. 

Phi/.      ....  PhiUips. 

Sedff Sedgwick. 

Fom  D.       ....  Von  Dechen. 
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^Ptawnnobia  9  graciiii 
Tel/ma  inaqvaUt. 

ttriatula 

*LM<dna  Pintm    . 

* f  orhieularu 

*J»iarte  concmna 
— ctmtaia  , 


* firmma 

* impoiita 

lineata  , 

»  nmltUtriaia 

ttriaia    . 

Cfprina  angulaia 

♦ cuneaia 

♦ rotirata 

Cjfiherea  capenUa 

imeotaia 

* tubrotunda 

* parva  . 

pUtna  . 

Fenu$  Faba,     • 

* /  immena  . 

* ntbUtVit . 

♦ f  tnmcata 

Thetit  mqfor  9  • 

mittor 
Cardmm  HiUamum 


' probo9cidatm 

CueuUeea  carmata  . 

.._  decuuaia 

fibroga     . 
•  formota   . 

*Area  rottmdata  . 
Ptctunculut  iubUnit 


Sowerby  .     • 


-  umbonatut 


NuaUa  angulata 

— '—  antifuaia 
♦ apicuiata 

impretta 

* —  iineaia  . 

* obtuMO    . 

Trigoma  nfflmit  . 


L.  6.  S.,  Sutsex  (Mant) 


FbrUoHd  Mitme,  South  Wilto,  OxfoTdshire. 
Buckinghamshire.  KimmerUge  day  and 
Oxford  oolite^  Donet  (F.) 


L.  G,  S.,  Kent  and  Sussex  (F.) 


G.,  Kent  and  South  WUts.    L.  G.  S.,  Sus- 
sex and  Hampshire  (F.) 

L.  O.  S.,  Sussex  and  Norfolk  (F.) 


17.  Gf.  S.,  Hampshire.  L,  G.  S.,  Kent,  Sus- 
sex, and  the  Isle  of  Wight  (F.) 

JU  G.  5.,  Sussex,  Hampshire,  I.  of  Wight, 
and  North  Wilte  (F.) 

Creiaceout  tenet,  Env.  of  Pont  St.  Esprit ; 
Gourdon  (Dufir.) 

Qreen  tand,  Aix-la-Chapelle   (Von    D.)  ; 

Rouen  (Pas.) 
U.  G.  5.,  I.  of  Wight    L.  G.  5.,  Kent  and 

Sussex  (F.)    Chalk,  Rouen  (Brong.) 


Crei.teriei,  Paderbom,  Quedlinbuzg   (Von 

D.) 
G.,  South  Wilts.  L,  Q,  S.,  Kent  (F.) ;  Greem 

tand,  Rouen  (Pas.) 

L.  G.  S.,  Suss«  (F.) 
L.G.S.,  Sussex  (F.) 
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TH^ma  a/tefirmit .     .  Soirerby. 


'ddedaka 


Parkinson 
Sowerby 


*Permarmlraia  ,     , 
^Aviaiia  am«ma/a 
GerviUiatolenSida , 


*Umasemim/eaia 


Defirance. 


Sowerby  . 


Mii/eni  . 
orhiemiarU 


Lamarck 


Soirerby . 


• SimieUmriemit  . 

/WflpM  $iriatuM     ,      , 

Gfjpkgea  eamoHcMlala  . 


wtdaia 


TtrtWmimim  bipHeaia 


(?.,  South  Wilts.  L,  Gf.  S.,  Kent,  Hamp- 
shire, Sussex,  and  I.  of  Wight  (F.)  •  Cret. 
teriea,  Ooiirdon  (Diifr.)  ;  Aii-larChapelle, 
Quedlinburg(VonD.) ;  Ocher,  Normandy 
(Pas.) 

L.  0.  S.,  Sussex  (F.) ;  Crei,  teriesy  Env.  of 
PoDt  St.  Esprit  (Dufi;) 


L.  O.  5.,  Sussex  (F.) 


L,Q.S ,  Kent,  Sussex,  and  I.  of  Wight  (  P.) ; 
Green  tand,  Pima,  Aix-la-Chapelle,  Bochum, 
Maestricht  (Von  D.) 


L.  G.  5.,  Sussex  and   I.  of  Wight  (F.) ; 
U,  G.  S.,  Aix-la-Chapelle  (Dum.);  Baeulite 
iimettone,  Normandy  (Desn.) 


U.  G,  S.,  Hampshire  and  Dorset  (F.) ;  Wilts 
(Lons.);  ChcUk,  Lublin,  Poland  (Pusch.); 
Green  tandy  Cakados  (Her.)  ;  Lillebonne 
(Pas.) ;  Maestricht  (Von  D.) 


U,  G.  &,  Hampshire,  I.  of  White,  Dorset, 
and  South  Wilts  ;  G.,  I.  of  Wight  and 
South  Wilts ;  L.  G.  S.,  Kent  and  Sussex; 
iV<AiiMl-«foiie,  Oxfordshire  and  Bucking, 
hamshire  (F.);  CAa/k,  G,,  L,  G.  S.,  Sus- 
sex (Mant.);  Green  tand,  Lillebonne 
(Pas.) 

Chalk,  Sussex  (Mant);   Havre  (Brong.); 

Dieppe  (Pas.) ;  Yorkshire  (Phil.) 
1;;G.  S.,L  of  Wight  (F.) 
U.  G,  S.,  Wilts  (Lons.)  ;  Chaik,  Lillebonne 

(Pas.) ;  Kjuge,  Balsberg ;  Morby  (Nils.) 
a  G.  S.,  I.  of  Wight  (F.) 
G.,  Kent  and  Norfiilk ;   JL  G.  S.,  Kent  and 

I.  of  Wight  (F.);  17.  G.5.,  Sussex  (Mant.). 

Cambridge  (Sedg.) ;  Rouen,  Havre  (Pas) ; 

Green  sand,  Calvados  (Her.)  f 


t  Tins  shell  is  also  slated  to  be  found  in  the  oolitic  series  atPapenheim  (Von  D.)} 
m  the  Kimmeridge  clay  of  the  Bernese  Jura  (Thurria),  and  in  the  Oxfo^  clay, 
fomt  aarUe,  and  great  oolite  of  Normandy  (Herault). 
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TtreiraH^4epr€99a    .  Sowerby  . 


'diiaiata 
'UUinma 


-megatrtma* 

-  Piswn  . 

-  tiriahda    • 


V.  Q.  S.,  I.  «f  Wight  J  L.  G.  S^ 


L.  G,  5.,  Kent,  I.  of  Wight,  and  North 

wats  (F.) 

U.  G.  5.,  Wilts  (Lqus.)  ;  Harie  (Pa».) 


U.  G.S.,LofWight(F.) 


DentaHum  eiUpiuntm 
•— — —  medtum  , 

Auricuia  t  incnutala 
*NaHca  canaiiculaia 
*  f  oarinata    , 


*— —  granosa .      • 
*Tbmat€Uaf  ajffimt  . 
Fermetut  radiatut  . 
*Scalana  puichra 
*Soiarium  conouiettm 

Utlorma  conica  • 
• '  graoilu%     . 

monU{fera  . 

♦ pwngent 

•^—  rotundaia  • 
*PAatianeila  /brmo$a 
*  ^pusi/ia . 
* ■ttruUa  • 

1\irrit€ila  cottata    . 

-  txcavata* 


•  granulata 


*f^mu  clathraiiit 
* quadratut. 


*—  rtuticuM  • 
*  Pfrtda  Brightu 
*— —  deprtua 

Mures  Caicar  . 

Rottellaria  ealcarata 


Sowerby 


macroi^ofMa « 
ParkinMnii  , 


rtfusa 


^Naua  cotMlata. 
*-—  iineaia 


Mantell 


Sowerby 


M0LLU8GA. 

{?.,  Kent  and  South  Wilts  (F.) ;  Rotien(Pafc) 


U.  G.  S.,  Norfolk  (F.)  ;  Chalk,  Si 
G ,  Kent  and  Sussex  (F.) 


Hint) 


27.  O.  S.,  I.  of  Wight ;  G,,  Kent  and  South 

Wilts  (F.) ;  G.,  Sussex  (Mant.) 
L.  G.S.,I.ofWight(F.) 


L,  G.  S,,  Sussex  and  I.  of  Wight  (F.) 


PkHriland-sione,  South  Wilts(F.) ;  Green  eami 

Perte  du  Rhone  (Brong.) 
U,  G.  &,  South  Wilts?    U  G.  S.,  Sossa, 

and  Norfolk  (F.) 


G.,  Kent  (F.) 

G.,  Kent. ;    L.  G.  5.,  Sussex,  I.  of  Wighti 
and'  Norfolk  (F.) 

G,,  Kent ;  L.  G.  S.^  Sussex  and  I.  of  Wight 
(F.)  ;  Ckali,  Sussex  (Mant.)  ;  Qreem  i 
Lillebonne  (Pas.) 
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.  Sowerfay  .     .  Q^  Kent  and  South  WiMt  (FO*  Sunex 
(Bfant);  Ham  (Pas.) 

demarimi,     •  -^—    .      , 

daHaiui .     .  .     .  U.O.  S,,  North  Wilts ;   O.,  Kent,  Norfolk, 

and  South  WUts  ;   JL  G.  S,,  Sussex  (F.) 
fmktihu.     .   llantell .     •  Cka^  Suites  (Mant) ;  Rouen  (Biong.) 

QoadAtUiU  .    Soweihj  .     • 

ImUuM    •     •  Parkinson     .    C71  G.5n  Oxfordshire ;(?.,  Kent,  Camhrid)|[e- 
shire,  and    South   Wilis   (F.);  Sussex 
(Mant) 
•— — —  irueriaAi     •  Sowerby .     . 

htberatltUut .  •     .  G.,  Kent  and  South  Wilts  (F.) ;  Sussex 

(Mant.) 
■        vanemm     •  — —    .     .  G.,  Kent,  South  Wilts,  and  Cambridgeriiiie 

Bamiie9  temmt  ,     .     .  .     •   G.,  Sussex  (Mant).  Rouen  (Pas.) 

ThmUilet  tmberemiatut  .  .     .   ChaiA,  Sussex  (Mant.) 

Nmiibaimmqitu^  •     .  — — .    .     .   G.,  Sussex  (Mant.).  Rouen  (Pas.) 

The  green  sand  of  the  Haldon  Hills  is  so  much  masked  by 
flint  and  chert  gravel,  and  good  sections  are  so  seldom  exposed, 
that  it  is  difficult  to  obtain  a  correct  idea  of  its  character  in  this 
direction  without  the  aid  of  wells  or  pits.  The  following  is  a 
section  of  a  well  not  long  since  sunk  by  Sir  R.  Newman  on  Little 
Hakion,  for  which  we  are  indebted  to  Mr.  Thomas  Newman  and 
Mr.  Abraham : — 

Fb  Int. 

a.  Small  fliata 4    0 

&.  Brown  sand      .  10    0 

e.  Flints  (chert  ?)  larj^enoufi^h  for  building  purposes*         .80 

d.  While  sand,  much  prised  for  making  stucco    •  .110 

e.  Red  sand.         ...  ••••10 
/.  Fine-gnuned  dark-coloured  sand  .         •  •  14    0 

g.  Green  sand 9    0 

A.  Large  flint  (chert  ?)  mixed  with  light-coloured  sand        •  13    0 

t.  Fine  hiown  sand ,     .    .  1&    0. 

k.  Red  sand 4    0 

i.  Pipe-day— very  white        .        •        .                 .,.10 
m.  Rounded  gravel,  like  hiook  or  river  gravel  .16 

m  Rediock .40 


95     6 

lo  this  section,  n  is  certainly  part  of  the  red  sandstone  series 
upon  which  the  green  sand  of  Little  Haldon  chiefly  rests,  and  a,  b, 
and  e,  probably  form  the  superficial  gravel  and  the  remains  of 
npracretaceous  rocks,  leaving  about  90  fe^  for  the  thickness  of 
the  green  sand  of  Little  Haldon  at  a  point  where  the  parishes  of 
Ashcombe  and  Dawlish  meet 
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The  green  sand  of  Milber  Down  and  of  the  depression  on 
which  the  Bovey  deposits  rest,  is  generally  light-coloured,  and 
sometimes  intermingled  with  indurated  bands  passing  into  chert 
The  sands  must  be  thick  beneath  these  deposits^  for  Mr.  Hole  of 
Park,  near  Bovey  Tracey,  informed  Mr.  Austen  that,  when  a 
boring  was  made  near  the  Pottery  in  Bovey  Heathfield,  several 
years  since,  they  penetrated  nearly  300  feet  through  sands  re- 
sembling those  on  Haldon.  Some  parts  were  very  compact,  and 
the  borer  worked  with  difficulty  through  them.  The  search  not 
having  been  rewarded  with  the  discovery  of  lignite  (Bovey  coal), 
which  it  was  thought  would  be  obtained,  further  boring  was  given 
up  at  that  depth.  The  thickness,  therefore,  of  the  green  sands 
beneath,  still  remains  unknown.*  A  good  section  of  the  sands  of 
this  depression  is  obtained  on  the  road  from  Sandy  Grate  (near 
Kingsteignton)  to  Ugbrooke  Park.  By  turning  off  from  the 
high  road  and  descending  the  lane  towards  Combe  Farm,  the 
green  sands  will  be  observed  to  rest  unconformably  upon  the  car- 
bonaceous series,  fragments  of  the  latter  being  mixed  in  a  breccia 
forming  their  lowest  part. 

The  organic  remains  of  the  Haldons  have  not  hitherto  been 
described  in  detail,  a  deficiency  which  it  is  hoped  will  soon  be 
supplied  by  Mr.  Austen.  Exogyra  conica,  Cardium  Hillanum, 
and  Pecten  quinquecostatus  would  appear  somewhat  common, 
and  Dr.  Fitton  mentions  Pecten  quadricostatus,  Pectunculus  urn- 
bonalus,  and  Terebratvia  dimidiata,  as  there  found  f. 

For  the  following  list  of  organic  remains  from  the  green  sands 
of  Milber  Down  and  the  Bovey  depression,  we  are  indebted  to 
Mr.  Austen : — 

F^tooidti,      •     •     .     .     .  Impresuons  between  the  lines  of  deposit  of  lindridge 
HiU. 

Wood In  chert  from  Lindridge  Hill. 

Siphonia 

Cellepora 

I  The  largest,  three-fourths  of  an  inch  indiameter.  Oecurs 
OrbitoHttM  conica  J     ^^  ^  ^^^  ^^  ^^^^^^  ^^  jjil^^  ^^^  jjjlj^  ^^ 


■f 


'^   "^  [    forms  entire  beds  at  Lindridge  Hill. 

CicUtritea Small,  circular,  and  depressed.     White  beds.  Staple 

Hill. 
■  •     .     ...     .     .  Large  spines,  in  the  same  beds. 

Nuc/eoiitet  deprtata  •  .  Sandstone  of  Staple  Hill. 

Serpula Several  species — ^numeious  in  several  localities. 

•  Austen,  MSS. 
t  Geo!.  Trans.  2nd  series,  vol.  iv.  p.  242. 
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Orkiruia  .... 

Spkenthies    .      .      . 

Engyra  conwa   ,      • 

kalyotoidea, 

—  BotMMJfi      . 

hoeerpmmt  Ckivieri  . 


aiie/orwas 
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.  Numerous  at  Lindridge  Hill. 


•  Very  common  everywhere. 
.  Lindridge  Hill. 

.  Staple  Hill  and  Lindridge  Hill ;   numerous,  but  all 
smaller  than  those  of  Haldon. 

Lindridge  Hill. 


cmcentrietu     .  Not  uncommon— Lindridge  Hill. 


Lindridge  Hill. 
.  Lindridge  Hill,  Milber  Down. 
.  Staple  Hill,  Staple  HUl. 

The  sands  of  the  far-outlying  patch  of  Orleigh  Court,  near 
Bideford,  very  closely  resemble  those  termed  fox  mould  near 
Lyme  Regis.  Organic  remains  seem  rare  in  them,  but  in  the  flints 
and  chert  composing  the  superincumbent  gravel,  and  reminding 
us  of  that  on  the  Haldons  and  Black  Downs,  Galerites  cUbo^ 
golems,  Spaiangus  Cor'anguinum,  and  some  other  organic  re- 
mains, usually  occurring  in  the  cretaceous  series,  are  found. 
These  sands  rest  uncouformably  upon  the  edges  and  contortions  of 
the  carbonaceous  series  of  that  part  of  Devon. 

Viewing  the  chalk  and  sands  above  noticed  as  a  whole,  we  readily 
perceive  that  very  different  conditions  must  have  obtained  during  the 
foraiation  of  the  higher  and  lower  parts  of  it,  and  we  also  see  that 
some  great  change  must  have  taken  place  in  the  relative  general 
levels  of  sea  and  land,  so  that,  from  matter  having  been  accumu- 
lated in  gradually  diminishing  areas  during  the  oolitic  period,  a 
great  overspread  of  sedimentary  substances  took  place,  enveloping 
creatures  which  we,  from  analogy,  infer  to  have  been  marine. 
Taking  a  wider  range  than  southern  England  will  afford  us,  we 
find  the  same  overlapping  character  of  the  cretaceous  series  in 
the  opposite  parts  of  France,  after  the  oolitic  system  had  there 
Also  been  formed  within  gradually  diminishing  areas,  so  that 
probably  a  considerable  portion  of  western  Europe  was  subjected 
to  the  same  change  of  conditions  that  permitted  the  great  over- 
spread of  the  cretaceous  series  which  now  constitutes  a  marked 
feature  in  it. 

On  the  east  of  our  district  there  is  evidence,  as  is  now  well 
tnown,  of  dry  land  having  been  submerged  after  the  formation 
of  the  Portland  beds,  and  their  elevation  above  the  sea,  so 
that  the  mass  of  detrital  matter  known  as  the  Wealden  was  de- 
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posited  in  fresh  or  brackish  water,  the  presence  of  certain  genera 
of  animals  analagous  to  those  detected  in  fresh-water  lakes  or 
estuaries  of  the  present  day  being  held  to  prove  that  point.  The 
change  which  again  covered  this  area  with  marine  depoats  is 
considered  by  Dr.  Fitton  to  have  been  a  ''sudden  or  rapid  depres- 
sion of  the  entire  Wealden^  to  such  a  depth  as  to  be  covered  by 
salt  water;  proved  by  the  sudden  and  exclusive  appearance  of 
marine  productions  and  fossils,  above  and  in  immediate  apposition 
with  strata  containing  only  fresh-water  fossils,  though  mineralogi- 
cally  of  the  same  composition."  ♦ 

Although  the  depression  may  have  been,  and  probably  was, 
sudden,  the  amount  of  the  change  in  the  relative  levels  of  sea  and 
land  need  only  have  been  trifling,  judging  at  least  from  the  facility 
with  which  fresh-water  creatures  are  destroyed  when  the  sea 
makes  an  inroad  suddenly  into  pieces  of  fresh  water  defended 
usually  from  it  by  sand-banks.  A  change  of  level  of  a  few  feet 
might  have  been  quite  sufficient  for  the  purpose.  From  the  kind 
of  deposits  which  have  succeeded  the  Wealden  rocks,  as  much 
comparatively  quiet  accumulation  of  sedimentary  matter  took 
place  subsequently  as  previously  to  the  change,  and  we  have  no 
coarse  detrital  beds  resting  upon  upturned  Wealden  deposits  to 
show  that  any  change  in  the  relative  levels  of  sea  and  land,  which 
may  then  have  been  effected,  was  accompanied  by  great  violence. 

Upon  the  whole  we  are  led  to  suppose  that  the  change  may, 
geologically  speaking,  have  been  gradual ;  and  that,  subs^uently 
to  the  gradual  rise  of  a  portion  of  western  Europe,  which  brought 
a  part,  at  least,  of  the  oolitic  series  above  the  sea,  a  gradual  depres- 
sion took  place  which  permitted  the  chalk  and  green  sand  to 
overspread  a  wide  area,  covering  up  a  variety  of  older  rocks. 
Under  this  view  we  should  expect  the  beds  forming  the  lowest 
portion  of  the  green  sand  to  be  best  developed  where  the  depression 
beneath  the  sea  was  first  efiected,  and  that  consequently  the  higher 
beds  would  be  most  continuous  over  the  area  subsequently 
occupied  by  the  whole  cretaceous  series,  due  allowance  being 
made,  more  particularly  as  to  the  sands  and  clays,  for  variations 
caused  by  the  operation  of  modifying  conditions  in  horizontal 
distances.  Supposing  this  view  correct,  we  might  expect  in  our 
district,  not  only  considerable  modifications  from  distance  between 

*  Geol.  Trans.,  2nd  series,  vol.  iv.  p.  321. 
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the  green  sand  in  it  and  in  the  east  of  Engknd,  but  also  that 
several  of  the  lowest  deposits  may  be  absent,  considering  the  rela- 
tive levels  of  sea  and  land  to  have  been  such,  that  while  the  lowest 
beds  of  the  green  sands  were  accumulating  in  the  east  of  England, 
diy  land  still  existed  in  the  west. 

Vfhea  we  refer  to  Dr.  Fitton's  list  (p.  243)  of  the  organic 
remains  found  at  the  Whetstone  quarries  on  the  west  side^of  the 
Black  Downs,  and  add  a  few  localities  for  species  from  Dr.  Mantell's 
catak^es  of  the  fossils  from  Sussex,  we  find  that  six  species  are 
found  in  the  chalk  of  more  eastern  parts  of  England,  one  in  the 
chalk  and  upper  green  sand,  one  in  the  chalk,  gault,  and  lower 
greoi  sand,  five  in  the  upper  green  sand,  two  in  the  upper  green 
sand  and  gault,  five  in  the  upper  and  lower  green  sands,  nine  in 
the  gault,  four  in  the  gault  and  lower  green  sand,  fifteen  in  the 
lower  green  sand  and  three  in  the  upper  green  sand,  gault,  and 
lower  green  sand,  while  ninety-one  species  have  not  been  yet 
found  in  the  cretaceous  series  of  the  same  parts  of  England.  Of 
these  ninety-one  species,  one  has  been  noticed  in  the  cretaceoud 
sems  of  the  environs  of  Pont  St.  Esprit  and  Gourdon,  one  in  th^ 
green  sands  of  Rouen  and  Aix-la-Chapelle,  one  in  the  green  sands 
of  the  Perte  du  Rhone  and  in  the  Pordand-stone  of  South  Wilts, 
one  in  the  oolitic  series  of  Streitberg,  and  one  in  the  Portland-stone 
of  South  Wilts,  Oxfordshire,  and  Buckinghamshire,  and  in  the 
Kimmericige  clay  and  Oxford  oolite  of  Dorset 

Assuming  the  determination  of  these  species  to  have  been 
correct,  and  it  is  beUeved  that  more  than  usual  labour  has  been 
bestowed  on  Dr.  Fitton's  lists  to  render  them  useful,  we  mi^t 
coacfaide  that  certain  animals  considered  marine  {Spatangus 
Bufo,  Serpula  a$npuUacea,  S.  plexus  ?  Podapsis  striatus,  and 
Ammonites  /alccUus),  were  enveloped  by  the  sands  of  the  Black 
Downs  before  the  chalk  of  Sussex  was  formed ;  that  four  species 
{Stphatua  pyri/armis,  Aitarte  cuneaia,  Pecten  orbicularis,  and 
Tvrriietta  eaecavaia),  which  lived  during  the  deposit  of  the  higher 
members  of  the  oolitic  series,  survived  up  to  the  time  when  these 
sands  were  accumulating;  and  that  other  species,  which  would 
appear  to  be  found  in  particular  subdivisions  of  the  green  sand  to 
the  eastward  in  England,  are  here  found  together  in  a  manner 
leadiBg  m  to  consider  that  they  existed  at  the  same  time  in  the 
same  place. 

With  regard  to  species  found  equally  in  the  oolitic  and  cretaceous 
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series,  Dr.  Fitton's  lists  inform  us  that  Cardium  dissindle  is  dis- 
covered in  the  lower  green  sand  of  Kent  and  in  the  Portland-stone 
of  Wilts,  and  in  the  Portland-stone  and  sand  of  Oxfordshire  and 
Bucks ;  that  Trigonia  clavellata  is  found  in  the  lower  green  sand 
of  Kent  and  in  the  Portland-stone  of  Oxfordshire,  the  Portland- 
sand  of  Dorset,  Wilts,  and  Bucks,  and  in  the  Kimmeridge  clay 
and  Oxford  oolite  of  Dorset ;  that  Trigonia  gibbosa  occurs  in  the 
lower  green  sand  of  Wilts  and  in  the  Portland-stone  and  sand  of 
several  localities ;  that  Oervillia  aviculoides  is  found  in  the  green 
sand  near  Lyme,  in  the  Portland-stone  of  Oxfordshire,  the  Kim- 
meridge clay  of  Dorset,  and  the  Oxford  oolite  of  Oxford  and 
Cambridgeshire ;  and  that  Ammonites  circularis  is  discovered  in 
the  green  sand  of  Kent  and  in  the  Oxford  oolite  of  Dorsetshire. 

That  we  should  find  some  species  of  animal  remains  common 
to  the  upper  portions  of  the  oolitic  and  the  lower  portions  of  the 
cretaceous  series  would  appear  no  more  remarkable^  among 
a  system  of  deposits  which  do  not  show  any  interruptions  froiA 
violent  dislocations  of  the  earth's  surface,  in  a  given  area,  during 
the  time  of  their  accumulation,  than  that  we  should  find  species 
among  the  animal  remains  entombed  in  the  lowest  supracretaceous 
or  tertiary  rocks  which  now  exist,  and  which  have  continued  to 
live  from  that  period  to  the  present  amid  a  considerable  general 
modification  and  change  of  animal  life  upon  the  earth's  surface. 

A  very  considerable  break  may  have  taken  place  in  an  area 
embracing  southern  England  and  northern  France,  from  the  pre- 
sence of  dry  land  over  a  considerable  portion  of  it,  and  no  greater 
interruption  can  be  well  imagined;  and  according  to  the  time 
which  may  have  elapsed  between  the  rise  of  the  land  above  the 
level  of  the  sea  and  its  subsequent  submersion,  supposing  a  general 
modification  or  change  of  animal  life  then  in  progress,  would 
depend  the  amount  of  diflTerence  that  might  be  observed,  all  other 
conditions  being  equal.  In  the  marine  equivalents  of  the  Wealden 
a  greater  mixture  of  some  of  the  creatures  which  existed  during 
the  deposit  of  the  upper  part  of  the  oolitic  series  with  some  of 
those  which  lived  when  the  lower  beds  of  the  cretaceous  aeries 
were  forming  may  be  expected,  some  marine  creatures  which 
lived  only  at  the  Wealden  period  being  confined  to  the  marine 
equivalents  of  that  epoch,  and  not  discovered  in  the  cretaceous 
and  oolitic  series  above  and  beneath. 

From  the  mixture  of  species  observed  in  the  Black  Down  sands. 
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and  the  presence  of  several  which  occur  in  the  upper  portion  of 
the  green  sand  to  the  eastward,  we  may  be  led  to  inter,  upon  the 
supposition  of  a  graduaUy-ex tending  area  for  cretaceous  deposits, 
that  many  species  which  preferred  shallow  waters  and  the  proxi- 
mity of  land  migrated  from  their  original  localities  when  the 
waters  became  deeper  or  dry  land  more  remote,  so  that  the 
deposits  continuing  as  a  whole,  the  upper  beds  adjoining  the 
remaining  dry  land,  or  thrown  down  in  the  shallower  waters 
towards  the  outer  edges  of  the  general  deposit,  enveloped  not 
only  creatures  which  were  called  into  existence  during  the  pro- 
gress of  the  general  accumulation  of  detrital  matter,  but  also 
others  which  had  escaped  from  conditions  no  longer  favourable 
to  their  existence  to  those  situations  which  were  still  suited  to 
them.  Whether  this  view  be  correct  or  not,  as  regards  the  Black 
Down  sands,  which  are  particularly  interesting,  as  all  the  organic 
remains  above  enumerated  occur  within  the  depth  of  a  few  feet, 
under  conditions  leading  us  to  suppose  that  they  all  existed  about 
the  same  time,  such  modifications  as  those  supposed  must  have 
occurred  extensively  during  the  more  quiet  and  gradual  extensions 
of  deposits  which  we  consider  to  have  taken  place  by  the  more 
tranquil  subsidencies  of  parts  of  the  earth's  surface,  such  as  may 
now  be  in  progress  in  different  parts  of  the  world. 

lliat  the  arenaceous  deposits  termed  green  sands  were  liable 
to  many  local  modifications,  the  sections  above  given  will  show; 
and  it  will  be  observed  that  no  trace  of  the  great  mud  deposit, 
known  as  the  gault,  extends  into  the  district  under  considera- 
tion. The  occurrence  of  this  mud  marks  a  modification  of 
the  causes  that  transported  and  brought  detrital  matter  to  rest 
daring  the  deposit  of  the  sands  beneath  the  chalk,  and  the  area 
over  which  it  took  place  was  considerable.  Dr.  Fitton  observes 
that  the  almost  constant  presence  of  this  distinct  band  of  clay  be- 
tween the  chalk  and  lower  green  sand,  considering  its  small  relative 
thickness,  is  remarkable.  The  same  author  states  that  he  has  seen 
it  in  its  place  in  the  lower  Boulonnois,  in  the  vicinity  of  Aix-la- 
Chapelle,  and  in  the  country  between  that  place  and  Liege.  If 
however  the  sands  of  the  Black  Downs  be  upper  beds  of  the  great 
afenaoeous  deposit  beneath  the  chalk — and  Dr.  Fitton  seems  to 
connder  it  more  probable  that  they  are  a  continuation  of  the  lower 
part  of  the  upper  green  sand  from  the  Vale  of  Wardour — they  were 
formed  subsequently  to  the  gault. 
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If  the  cretaceous  sands  of  Devonshire^  including  those  near 
Lyme  Regis  and  Chard^  be  equivalent  to  the  upper  grreen  sands 
«f  the  eastern  counties,  they  are  far  thicker  and  more  developed 
than  the  equivalent  deposits  in  that  direction.  Now  this  would 
be  in  accordance  with  the  hypothesis  of  a  wider  area  for  the  deposit 
of  the  upper  portions  of  the  green  sands  than  the  lower ;  for,  adjoin- 
ing the  supposed  dry  land,  whence  we  may  suppose  some  of  the 
detritus  to  have  been  drifted,  we  should  expect  a  greater  accumula- 
tion of  comminuted  matter  than  in  places  far  distant  from  it  We 
may  here  remark  that  the  presence  of  the  gault  would  seem  to 
show  an  extensive  mud  deposit,  such  as  we  now  find  so  frequently  at 
distances  from  land,  and  therefore  some  of  the  Devon  sands  may 
have  been  arenaceous  equivalents  nearer  the  shores  of  dry  land. 

Prior  to  the  deposit  of  the  chalk  near  Lyme  Regis  and  Chard, 
some  drift  of  detritus  of  a  larger  size  than  ordinary  took  place,  as 
shown  by  the  quartz  grains,  and  subsequently  a  considerable  change 
was  effected  in  the  nature  of  the  deposits,  a  great  mass  of  chalk 
having  overspread  the  previous  sandy  accumulations,  showing  a 
very  material  alteration  in  the  conditions  under  which  rocky  matter 
was  then  accumulated,  one,  judging  from  the  area  over  which 
chalk  occurs  with  certain  common  general  characters,  extending 
over  a  considerable  portion  of  Europe  and  certain  adjoining  parts 
of  Asia. 

It  would  be  foreign  to  the  plan  of  this  report  to  enter  further 
into  the  probable  origin  of  the  chalk,  observations  on  which  would 
more  properly  accompany  descriptions  of  other  districts  to  the 
eastward  of  that  under  consideration ;  but  we  may  observe,  that 
the  tranquillity  which  seems  to  have  prevailed  during  this  great 
accumulation  of  siliceo-calcareous  matter,  whether  it  may  have 
been  a  deposit  from  water  in  which  it  was  mechanically  sus* 
pended,  partly  the  work  of  living  creatures,  or  in  a  great  measure 
chemical,  is  very  remarkable.  The  presence  also  of  green  silicate 
of  iron  so  frequently  in  the  sands  beneath  (whence  the  distinctive 
name),  and  its  disappearance  in  the  chalk  after  the  passage  of  the 
latter  into  these  sands,  where  both  white  carbonate  of  lime  and 
green  silicate  of  iron  are  intermingled  with  each  other»  is  another 
fact  worthy  of  attention,  more  particularly  as  the  green  silicate 
of  iron  appears  as  much  like  a  drifted  product  as  one  chemically 
produced  in  the  sands  among  which  it  is  found. 
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Supraeretaceous  or  Tertiary  Deposits. 

Coextensive  with  the  chalk  and  green  sand  above  noticed,  we 
find  a  cohering  of  either  chalk-flints  or  fragments  of  green  sand 
chert,  or  both,  even  on  the  outstanding  patch  of  Orleigh  Court, 
near  Bideford.  The  furrows  and  indentations  filled  by  these 
flints  and  chert  correspond  with  those  which  are  well  known  to 
exist  on  the  surface  of  the  chalk  of  England  and  France  very  ex- 
ten^Tely,  and  which  appear  to  have  been  formed  anterior  to  the 
clays,  sands,  and  gravels,  known  as  the  plastic  clay,  inasmuch 
as  the  same  furrows  are  commonly  found  upon  the  surface  of  the 
chalk  on  which  these  detrital  deposits  rest 

Judging  from  the  accumulation  of  flints  in  several  places,  the 
quantity  of  chalk  once  existing  over  parts  of  this  district,  where 
green  sand,  and  frequently  a  reduced  portion  of  that  deposit  only, 
now  remain,  must  have  been  considerable.  From  the  unrolled 
condition  of  a  large  proportion  of  the  flints  in  the  neighbourhood 
of  Lyme  Regis,  Sidmouth,  Chard,  and  many  parts  of  the  Black 
Downs,  we  are  led  to  suppose  that  the  chalk  in  which  they  were 
once  embedded  may  have  been  quietly  removed  from  among 
them,  and  that  these  flints  have  been  let  down  nearly  in  places 
above  which  they  occurred  in  the  chalk. 

It  would  appear  that,  subsequently  to  the  deposit  of  the  creta-* 
ceous  series,  its  upper  surface  became  worn  away,  even  through 
the  vhole  depth  of  the  chalk,  in  parts  of  Devonshire,  so  that  the  de- 
posits were  afterwards  formed  upon  an  uneven  base,  sometimes 
of  chalk,  at  others  of  green  sand,  and  often  of  both.  A  very  in* 
structiTe  exanaple  of  a  mass  of  unrolled  chalk  flints,  resting  upon 
Urge  isolated  masses  of  chalk  left  upon  the  green  sand  before 
these  flints  were  accumulated,  is  observed  at  Dunscombe  Hill> 
near  Sidmouth.  The  flints,  which  are  unrolled,  piled  upon  each 
other,  and  intermixed  with  loose  sand  or  clay,  rest  upon  both  the 
i^reea  sand  and  chalk,  the  latter  rising  upwards  among  the  flints 
m  irregular  forms.  "^ 

A  very  plastic  yellow  clay  is  not  unfrequently  mixed  up  with 
the  flints,  filling  up  the  furrows  in  the  chalk,  but  is  more  rare  in 
^he  furrows  of  the  green  sand.     This  may  be  well  observed  in  the 

*  Ob  tKe  Geology  of  the  neighbourhood  of  Weymouth  and  the  adjacent  parta 
^  ^  coasi  of  Dorset.     Bucklaod  and  De  la  Beche.    Geol.  Tnms.,  vol.  iv.,  2nd 
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cliffs  between  Lyme  and  Sidmouth,  and  generally  where  any  na- 
tural or  artificial  sections  can  be  obtained. 

As  has  been  elsewhere  observed,^  angular  chert  gravel  may  be 
seen  resting  upon  the  remains  of  the  chert  beds  from  which  it  has 
been  derived,  parts  of  the  beds  being  still  in  place  and  shivered 
into  fragments,  so  there  can  be  no  doubt  that  the  fragments  im- 
mediately adjoining  are  but  sUghtly  removed  from  their  original 
situation  as  parts  of  the  bed.  A  good  example  of  this  fact  may 
be  observed  in  the  clifis  at  Black  Venn,  between  Charmouth  and 
Lyme  Regis 

The  accumulation  of  chalk  flints  surmounting  the  chalk,  and  of 
chalk  flints  and  chert  fragments  covering  the  green  sand  of  the  dis- 
trict, may  be  probably  referrible  to  more  epochs  than  one ;  indeed, 
the  appearance  of  the  highest  gravels  on  the  east,  which  occasion- 
ally contain  rounded  pebbles  of  quartz,  and  on  the  Haldous,  where 
they  are  mixed  with  rounded  pieces  of  granite,  porphyry,  and  other 
older  rocks  in  the  vicinity,  seem  to  prove  this.  That  the  plastic 
clay  of  western  England  has,  like  the  cretaceous  rocks  which  it 
usually  covers,  suffered  considerable  destruction,  we  have  abundant 
evidence.  Two  isolated  patches  of  it  may  be  observed  near  Wey- 
mouth, one  on  Came  Down,  on  the  Ridgeway,  and  the  other  at 
Black  Down.  Great  blocks  also  of  siliceous  breccia  or  pudding- 
stone,  composed  of  chalk  flints  with  the  rare  fragments  of  green 
sand  chert,  are  scattered  over  parts  of  that  county,  the  remains  of 
supracretaceous  beds  which  have  been  destroyed,  f 

It  appeara  to  us  that  all  the  lower  portions  of  the  chalk  and  chert 
gravels  upon  the  hills  near  Lyme  Regis,  Sidmouth,  and  Chard, 
upon  the  Black  Downs  and  the  Haldons,  may  be  referred  to  the 
plastic  clay  series,  the  mass  of  sands,  gravels,  and  clay^  which 
probably  once  covered  them  having  been  removed  by  denudation. 
With  the  exception  of  some  marls  upon  the  chalk  above  Ridge, 
on  the  south-west  of  Chard,  the  clays,  sands,  and  lignite,  depo* 
sited  in  the  Bovey  depression  on  the  west  of  the  Haldons,  are  the 
only  beds  of  importance  which  have  yet  been  observed  above 
these  lower  flint  and  chert  gravels. 

Upon  the  undisturbed  green  sand  of  this  depression  we  find  a 

*  On  the  Geology  of  the  neighbourhood  of  Weymouth  and  the  adjacent  parts 
of  the  coaait  of  Dortet.  Bnckland  and  De  la  Beche.  Geol.  Trans.,  vol.  iv.,  2nd 
series,  p.  7. 

t  Geol.  Trans.,  2nd  series,  vol.  iv.  p.  5. 
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gra?d  of  chalk  flints  and  chert  resembling  the  lower  gravels  above 
noticed,  particularly  those  on  the  Haldons^  being  like  them 
slightly  rounded.  Upon  these  the  clay  and  sands  of  the  Bovey 
deposit  may  be  seen  to  rest^  and  there  can  be  no  doubt  that  the 
flints  and  chert  were  reduced  to  the  condition  in  which  we  find 
them  before  the  Bovey  beds  were  formed.  Mr.  Austen  has  found 
a  white  clay  resting  upon  similar  gravel  upon  Great  Haldon  (pits 
near  the  race-course,  &c.),  which  cannot  be  distinguished  from 
the  Bovey  clay,  and  may  have  been  formed  at  the  same  time, 
though,  as  that  clay  has  been  furrowed  and  removed  prior  to  the 
deposit  of  a  '  head '  of  gravel  corresponding  with  the  higher  gravels 
on  Haldon,  the  white  clay  there  situated  might  be  a  resettlement 
of  the  Bovey  clay. 

With  the  exception  of  a  thick  bed  of  lignite,  which  occurs  near 
the  Pottery  on  the  south  of  Bovey  Tracey,  the  lignite  of  Aller 
Mills,  and  portions  of  the  same  substance,  sometimes  mixed  with 
the  clay  in  various  parts  of  the  deposit,  organic  remains  have  not 
hitherto  been  detected  in  it.     We  are  therefore  deprived  of  any 
aid  which  animal  exuvi»  might  have  afibrded  us  in  referring  the 
Borey  clays  and  sands  to  any  particular  geological  date.     The 
examinatioDS  to  which  the  lignite  has  been  subjected  have  not 
tended  to  clear  up  this  point,  Airther  than,  if  the  woods  be,  as  has 
been  sometimes  supposed,  analogous  to  oak  and  other  existing 
trees,  we  should  suppose  the  Bovey  beds  to  have  been  formed  to- 
wards the  later  part  of  the  supracretaoeous  period. 

From  the  manner  in  which  the  Bovey  deposit  conforms  to  the 
valleys  adjoining  it,  the  character  of  the  clays  and  sands,  and  the 
greater  purity  of  the  clays  towards  Kingsteignton  and  away  from 
the  granite  of  Dartmoor,  we  may  be  led  to  infer  that,  prior  to  the 
production  of  the  Bovey  beds,  a  depression  was  formed  in  this 
locality,  subsequently  to  the  destruction  of  the  mass  of  chalk  and 
a  considerable  portion  of  green  sand  which  there  once  existed, 
and  that  the  materials  for  this  deposit  were  chiefly  derived  from 
decomposed  parts  of  the  adjoining  granite  gradually  carried 
down  by  streams;  the  quartzose  parts  forming  the  sands,  and 
being  sooner  brought  to  rest  than  the  decomposed  felspar,  which 
was  borne  onwards  until  it  could  quietly  settle,  in  the  same  man- 
ner that  similar  china-clay  is  now  artificially  prepared  in  the 
south  part  of  Dartmoor,  and  in  Cornwall,  by  turning  streams  of 
water  upon  decomposed  granite. 
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Judging  from  the  existence  of  trout  and  shell-bearing  animals 
in  the  white  waters  of  several  streams  in  Cornwall,  particularly 
near  St.  Austell,  descending  through  china-clay  works^  and  still 
containing  much  decomposed  felspar  in  mechanical  suspension, 
we  should  not  be  prepared  to  expect  an  absence  of  animal  life  in 
the  waters  in  which  the  china-clay  of  the  Bovey  deposit  was 
formed  from  that  cause.  Even  supposing  that  the  detritus  was 
chiefly  derived  from  decomposed  granite,  and  the  waters  charged 
with  decomposed  felspar  were  injurious  to  animal  life,  yet,  as 
many  lateral  streams  may  have  poured  more  pure  waters  into 
the  lake,  only  carrying  before  them  into  the  common  receptacle 
the  more  usual  drift,  supposing  the  depression  to  have  formed  a 
fresh-water  lake  bounded  by  dry  land,  we  should  expect  to  hare 
discovered  some  animal  remains  up  the  lateral  valleys,  leading 
from  the  general  depression.  We  may  now,  however,  merely 
have  in  the  Bovey  depression  the  lower  parts  of  a  considerable 
and  more  widely-distributed  deposit  which  overspread  the  country, 
for  we  find  clays  and  sands,  that  appear  to  be  continuous  portions 
of  the  Bovey  beds,  occupying  far  greater  elevation  than  in  the 
vale  beneath,  and  resting  upon  beds  of  the  carbonaceous  series 
above  Soldridge  on  the  west  of  the  village  of  Bovey  Tracey. 
There  has  evidently  been  a  considerable  removal  of  some  arena- 
ceous deposits  up  the  valley  between  Bovey  Tracey  and  Lust- 
leigh,  and  the  present  river  course  is  beneath  the  level  at  which 
those  deposits  must  have  existed.  Part  of  them  may  be  referribk 
to  the  green  sand,  and,  if  so,  that  rock  may  probably  have  once 
extended  over  a  portion  of  the  adjoining  granite  of  Dartmoor.  A 
very  good  section  of  these  beds  may  be  seen  in  the  road  between 
Bullbrook  and  Letford  Bridge. 

Some  remarkable  beds  of  sands  and  clays  nearly  encircle  the 
higher  parts  of  St.  Agnes  Beacon,  Cornwall,  which  we  are  dis- 
posed to  believe  may  be  the  remnant  of  some  supracretaeeous 
deposit.  They  occur  at  an  elevation  of  between  300  and  400  feet 
above  the  level  of  the  sea,*  resting  upon  the  slates  of  the  hill^ 
and  partly  also  on  a  small  portion  of  the  granite  rock  which  there 
occurs,  the  granitic  rock  and  slates  being  traversed  by  several 
tin  lodes.  From  its  proximity  to  the  sea  and  the  form  in  which 
it  occurs  on  three  sides  of  the  Beacon,  the  first  impression  is,  that 

*  Mr.  Hawkins  gives  375  fe«t  as  the  height  of  these  sands  and  clays  abore  the 
level  of  the  sea.    Trans.  Geol.  Soc.  of  Cornwall,  vol.  iv.  p.  136. 
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we  have  before  us  one  of  those  raised  beaches,  so  common  in 
Cornwall,  elevated  far  higher  than  usual.  That  the  Beacon 
rose  as  an  island  above  waters  which  formed  cliffs  on  its  side 
and  ground  the  rocks  into  pebbles  at  its  bas^  seems  very  pro- 
bable from  the  cliflf-like  sections  which  the  tinners  affirm  they 
have  obtained  when  working  the  tin  in  the  gravel  o£  the  lower 
part  of  the  deposit  Moreover/ the  waterworn  hollows  on  which 
this  gravel  is  accumulated,  by  the  same  accounts,  perfectly  coin- 
cide with  a  rocky  shore  among  which  beach  is  accumulated. 
The  tin  stones  are  minerals  which  we  should  expect  on  the  shores 
of  an  island  traversed  by  numerous  tin  lodes.  They  are  chiefly 
found  on  the  eastern  side  of  the  Beacon,  and  arranged  in  a  man- 
ner we  should  expect,  if  washed  about  by  the  action  of  the  waves, 
the  heaviest  bodies  finally  becoming  the  lowest  in  the  gravel. 

With  the  cliflF  and  rocky  waterworn  floor  supporting  the  tin 
stones  and  other  gravel  composed  of  the  rocks  of  the  hill,  the  re- 
semblance to  the  raised  beaches  appears  to  terminate,  and  we 
have  a  suocesaon  of  sands  and  clays  resembling  the  overspread  of 
a  more  general  deposit,  the  whole  presenting  much  the  same  ap- 
pearance as  the  islands  of  red  sandstone  and  lias  which  now  rise 
from  the  Bridgewater  levels  would  offer,  if  the  clays  and  sands  of 
those  levels  were  washed  away  nearly  up  to  the  former  islands 
and  to  the  beaches  which  sometimes  occur  on  them,  leaving  only 
small  remnants  to  mark  their  previous  existence.  From  the  de- 
scriptions of  various  sections,  noticed  by  Mr.  Hawkins  and  Dr. 
Boase,  and  as  has  indeed  been  remarked  by  the  latter*,  the  thick- 
ness of  the  beds  and  their  number  vary  considerably.  The  follow- 
ing IS  a  section  we  were  enabled  to  make  on  the  north-east  side : — 

Feet. 
Head  of  mbble,  demed  from  the 

hill  above,  and  named  Cobb,  3 

Tdovwnd      .         .         •         .       2 
Bivviiidi  nuid,  with  nmnerous 


pUaet  (apparently  thoie  of  de- 
pont)  dippin^^  at  an  angle  of 
4^. U 


Feet. 
Light-eoloured  mining-clay  •  2 
Blue  clay  .  •  .  .  » 
Yellow  sand  •  .  •  •  4 
White  sand  .  •  .  •  4 
Yellow  sand  ....  3 
Pebbles,  resting  upon  an  uneven 
surface  of  slate  •         •  variable. 


This  isolated  deposit  has  not  hitherto  been  found  to  contain 
organic  remains,  with  the  exception  of  some  traces  of  plants  that 
hare  the  appearance  of  Fucoids.  In  no  other  part  of  Cornwall 
have  any  deposits  resembling  these  beds  been  detected,  and  the 

*  Trans.  Geol.  Soc.  of  Cornwall,  vol.  iv.  p.  298. 
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only  sands  and  clays  which  they  even  mineralogically  approach 
are  those  of  Bovey.  Such  a  resemblance  is^  however^  of  little 
value,  from  the  distance  between  them,  when  we  possess  no  other 
information  as  to  their  relative  geological  ages.  They  both  pro- 
bably belong  to  a  class  of  deposits  that  may  once  have  covered  a. 
considerable  portion  of  the  district  under  consideration,  and  which 
have  been  since  removed,  with  a  large  mass  of  pre-existing  rocks, 
to  form  that  varied  surface  we  now  see,  and  which  is  still  under- 
agoing  different  modifications. 
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CHAPTER  IX. 

ALTERATION  IN  THE  MINERAL  CHARACTER  OF  ROCKS. — ^DIVISIONAL 

PLANES. 

Alteration  in  the  Mineral  Character  of  Rocks. 

The  various  solid  masses  above  noticed  would  appear  to  have 
undergone  some  change  since  they  were  either  ejected  in  a  state 
of  igneous  fusion,  thrown  down  as  chemical  precipitates,  deposited 
from  fluids  in  which  their  chief  component  parts  were  mechanically 
suspended,  or  were  accumulated  by  the  simple  drift  of  detrital 
matter  by  means  of  moving  water. 

These  changes  have  been  of  various  kinds :  some  rocks  are 
simply  formed  of  detrital  matter  consolidated  by  a  cementing 
substance ;  others  by  chemical  action  have  become  disintegrated 
after  having  been  solid ;  in  some,  portions  have  separated  from 
a  general  deposit  and  formed  nodules  and  even  crystalline  sub- 
stances ;  others  have  suffered  alterations  in  their  general  cha- 
racters where  they  have  been  exposed  to  the  influence  of  protruded 
and  heated  masses  of  igneous  rocks :  divisional  planes,  different 
from  those  of  stratification,  traverse  a  large  proportion  at  various 
^gles  nearly  approaching  to  the  vertical,  and  many  have  been 
split  into  thin  laminae  in  a  regular  manner  over  large  areas. 

As  we  have  elsewhere*  observed,  we  can  scarcely  conceive  that 
detritus,  particularly  when  finely  comminuted,  can  be  kept  in 
juxta-position,  moist,  and  even  wet,  for  long  periods  of  time,  with- 
out suffering  some  chemical  change.  Into  the  beds  through  which 
water  easily  percolated  soluble  matter,  derived  from  other  rocks, 
may  readily  have  been  introduced,  and,  combining  there  with 
^bstances  for  which  it  possessed  affinity,  form  new  compounds. 
Even  b  the  first  instance  deposits  effected  in  the  sea  may  have  the 
original  condition  of  part  of  their  component  detritus,  such  as  that 
wfaich  has  been  transported  by  fresh  water  from  the  land  into  it> 
greatly  modified  by  juxta-position,  while  kept  moist  or  wet  by  a 
^lution  of  the  salts  usually  found  in  the  sea. 

*  Researches  in  Theoretical  Geology,  p.  91. 
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In  the  sandstones  we  find  the  cohesion  of  the  original  grains  of 
sand  very  unequal.  In  some  the  cementing  matter  is  as  hard  as 
the  grains  themselves.  In  the  grauwacke  and  carbonaceous  series 
of  the  district  this  is  frequent,  and  we  find  siUceous  grains, 
generally  of  quartz,  cemented  by  matter  which  closely  approaches 
chalcedony  or  chert,  much  intermingled  with  peroxide  of  iron  in 
the  red  sandstone  of  those  rocks.  In  the  poicilitic  or  red  sand- 
stone series  the  cohesion  is  rarely  considerable,  and  we  find  the 
cementing  substance  chiefly  consisting  of  alumina,  peroxide  of 
iron,  and  the  red  oxide  of  manganese,  the  rock  being  harder  when 
calcareous  matter  forms  any  considerable  portion  of  the  cement. 
In  some  of  the  beds  of  the  green  sand  there  is  very  little  cohesion 
among  the  grains,  so  that  they  become  readily  disintegrated  by 
exposure  to  atmospheric  influences. 

Probably  the  unequal  consolidation  of  the  same  deposit  is  no- 
where better  exhibited  in  the  district  than  among  the  sands  with 
chert  of  the  green  sand  near  Lyme  Regis.  Intermingled  with  are- 
naceous beds  of  comparatively  slight  cohesion  we  find  layers  conso- 
lidated by  chalcedony  or  chert,  the  siliceous  matter  having  infiltrated 
while  in  solution  into  cavities,  and  being  there  deposited  in  astalac- 
tiform  manner.  The  movement  of  silica  in  solution  can  in  these 
cases  scarcely  be  doubted,  and  there  is  every  reason  to  consider  that 
it  occurred  after  the  deposit  of  the  arenaceous  strata  in  which  the 
chert  is  found,  unless  we  suppose  that  during  their  production  a 
chemical  deposit  of  chalcedonic  or  cherty  matter  was  effected, 
such  matter  being  now  represented  by  the  chert  beds  which  occur 
in  the  same  arenaceous  accumulations. 

That  chalcedonic  matter  in  solution  was  in  movement  among 
these  arenaceous  beds  is  best  shown  by  its  substitution  for  the 
carbonate  of  lime  of  organic  remains,  some  shells  having  been 
wholly  replaced  by  it,  showing  that,  after  the  accumulation  of  the 
sands  over  the  shells,  the  carbonate  of  lime  of  the  latter  was  removed 
in  solution,  and  chalcedony  by  infiltration  deposited  in  its  place. 

Perhaps  by  the  movement  of  silica  in  solution  combined  with 
alumina  and  a  few  other  substances  we  may  account  for  the 
unequal  consolidation  of  beds  of  sandstones  and  slates  among  the 
grauwacke  and  carbonaceous  series,  the  former  being  often  ex- 
tremely compact,  while  the  latter  are  sometimes  comparatively 
soft.  When  we  observe  a  mixture  of  sands  and  clays  in  more  mo- 
dern beds  we  see  that  water  freely  percolates  through  the  former 
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while  it  passes  with  difficulty  through  the  latter,  so  that,  if  from 
any  cause  cherty  or  chalcedonic  matter  in  solution  was  percolating 
among  the  mixed  beds,  it  would  enter  more  freely  among  the 
sands  than  the  clays,  filling  up  the  interstices  among  the  grains 
in  the  same  manner  that  deposits  from  similar  solutions  have  filled 
up  the  vesicles  and  cavities  of  many  trappean  rocks*  Judging 
from  the  innumerable  siliceous  veins,  generally  of  quartz,  among 
the  detrital  beds  of  the  carbonaceous  series  and  grauwacke,  siHca 
must  have  been  a  very  common  substance  in  solution  among  them 
after  their  general  consolidation. 

The  consolidation  of  the  mud  and  clay  into  slates  was  probably 

due  to  causes  similar  to  those  which  converted  the  sands  into 

hard  bodies,  chemical  changes  having  probably  been  more  easily 

effected  in  the  one  than  in  the  other  from  the  finer  comminuted 

state  of  its  component   parts,  even  supposing    the   detritus  to 

have  merely  differed  in  the  fineness  of  the  grain,  though  probably 

it  varied  also  in  other  respects,  being  composed  of  abraded  mineral 

substances  most  readily  worn  down  by  the  detrital  forces  which 

produced  both  the  sands  and  mud.     The  power  of  bodies  to 

crystallize  freely  in  some  of  the  slates  is  shown  by  the  cubes  of 

iron  pyrites  found  among  them.    They  were  then  probably  in  a 

stote  of  clay,  a  substance  in  which  crystals  of  iron  pyrites  are 

otten  found ;  if  so,  this  chemical  change  in  the  arrangement  of 

some  of  the  component  parts  was  effected  before  the  subsequent 

general  modification  which  produced  the  consolidation  of  the  rock. 

In  the  calcareous  nodules  (p.  223)  among  the  marls  of  the  lias 

of  Lyme  Regis  we  have  good  examples  of  the  aggregation  of 

matter  of  the  same  kind  from  among  the  mass  through  which  it 

was  originally  dispersed,  without  the  lines  of  general  deposit 

having  been  destroyed.     At   first  sight  they  appear  concentric 

concretions,  but  when  fractured  they   are  found  laminated,   the 

^nes  of  the  laminse  coinciding  with  those   of  the  beds  of  the 

lias,  and  being  continuous  with  those  in  the  surroimding  marls, 

tram  which  the  calcareous  matter  of  the  nodules  would  appear  to 

have  separated  so  tranquilly  that  the  lines  of  deposit  were  pre- 

aerred,  imless,  indeed,  the  whole  has  been  laminated  after  the 

tormatian  of  the  nodules.    As  organic  remains  generally  occur  in 

these  nodules,  often  occupying  their  central  parts,  we  may  infer 

that  these  exuviae  constituted  points  upon  which  the  separated 

matter  directed  itself. 
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Probably  the  flints  in  the  chalk  afford  as  good  evidence  asconid 
be  desired  of  the  change  effected  in  the  mass*  of  a  rock  after  its 
deposit  as  we  can  find  in  the  district.  It  has  been  long  con- 
sidered by  many  geologists  that  these  flints  have  been  formed  by 
siliceous  infiltrations  into  the  places  they  now  occupy.  Dr.  Bei^ 
states  that  such  was  Werner  s  opinion.* 

If  we  suppose,  as  has  been  done^  that  animal  bodies  without 
bones  or  hard  shells  were  enveloped  in  lines  as  the  chalk  was  from 
time  to  time  deposited,  when  decomposition  of  the  animal  matter 
took  place^  cavities  would  be  left  into  which  siliceous  matter  could 
infiltrate.  This  view  seems  borne  out  by  the  alcyonic  and 
other  spongiform  remains  which  are  now  found  in  many  of  these 
flints,  their  fibres  beautifully  preserved  as  if  the  zoophytes  bad 
been  tranquilly  covered  by  the  matter  of  the  chalk,  their  animal 
matter  removed  and  replaced  by  a  siliceous  infiltration,  while  the 
chalky  case  permitted  the  undecomposed  parts  to  remain  uncom- 
pressed in  the  cavity. 

Throughout  the  district  also  the  organic  remains,  where  they  are 
found,  show  the  modifying  influences  which  have  been  in  action 
since  the  original  deposit  of  the  rocks  in  which  they  oeeur.i*    In 
many  situations,  as  amid  the  slates  of  Linton  and  Barnstaple,  the 
carbonate  of  lime  of  shells,  encrinites,  and  corals,  once  strewed  in 
partial  patches  over  the  bottom  of  the  sea,  has  been  removed,  and 
we  merely  have  the  impressions  of  those  hard  bodies  preserved  in 
the  silt  or  mud,  now  consolidated,  which  enveloped  them  during 
the  deposit  of  the  grauwacke  series.     Even  in  limestones  such  as 
those,  of  Plymouth,  Torquay,  and  other  places,  if  we  suppose  that 
we    have    the   original   carbonate  of    lime  of  the  shells    and 
encrinites,  in  some  of  these  remains  it  would  appear  far  too  crystal** 
line  not  to  have  undergone  some  new  arrangement  of  the  compo- 
nent particles.     The  substitution  of  chalcedony  for  the  original 
carbonate  of  lime  of  shells  is  best  exhibited  in  the  green  sands  of 
the  Black  Downs  at  the  Whetstone  pits  (p.  242),  though  it  is  by 
no  means  confined  to  the  green  sands  of  that  particular  locality. 
While  the  bones  of  the  saurians  and  fish  entombed  in  the  lias  have 
undergone  considerable  modification,  bisulphurate  of  iron  having 
even  penetrated  into  their  pores,  the  phosphate  of  lime  seems  to 

*  Geological  Transactioiis,  vol.  i.  (1811). 

t  The  substitution  of  iron  pyrites  for  shells  in  the  lias  of  Lyme  R^gis  is  on  this 
acoount  particularly  interestix^. 
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have  ranained^  thus^  being  a  very  insoluble  substance^  affording 
evidence  by  its  presence  and  the  change  of  the  other  parts  of  the 
bones,  of  the  general  modification  which,  the  rocks  containing 
these  remains  have  suffered  since  the  deposit  of  the  matter  com- 
poetng  them."^ 

Without  attempting  to  extend  the  evidence  further,  these  fects 
will  be  sufficient  to  show  that  the  sedimentary  deposits  of  the 
district,  from  the  chalk  downwards,  may  have  suffered  consi- 
derable modification  in  the  condition  of  their  component  parts 
since  they  were  first  accumulated,  preparing  to  expect  that,  if  any 
CQBditions  should  arise  which  might  disturb  the  arrangement  of 
such  parts  at  any  subsequent  period,  other  modifications  might 
take  place.  We  could  scarcely  suppose,  therefore,  that  great 
masses  of  granite  in  a  state  of  igneous  fusion  could  be  protruded 
throt^  the  rocks,  composing  the  grauwacke  and  carbonaceous 
series,  without  producing  a  change,  within  reasonable  distances, 
in  the  beds  brought  into  contact  with  them,  and  remaining  heated 
fiir  Jong  periods  of  time. 

When  these  igneous  masses  were  thrust  up,  it  seems  fair  to 
sappose  that  water  was  disseminated  through  the  pores  and 
between  the  strata  of  pre-existing  beds  in  the  manner  we  so 
constantly  find  rocks  impregnated  with  it  at  the  present  day. 
One  of  the  earlier  effects  produced  upon  the  beds  of  the  upturned 
and  firactured  sedimentary  rocks  would,  therefore,  be  to  drive  the 
water  in  a  heated  condition  through  the  matter  of  those  rocks^ 
thus  rendering  it  capable  of  taking  up  several  substances  in  so- 
lution that  its  previous  temperature  rendered  it  unable  to  remove ; 
and  leaving  the  interstices  previously  filled  by  the  water  open  for 
the  admission  of  any  vapours  which  might  be  driven  off  from  the 
surface  of  the  fluid  hot  granite  in  contact  with  the  beds.  We 
may  readily  conceive  that  this  circumstance  might  not  only  cause 
many  modifications  in  the  arrangement  of  the  original  particles 
composing  the  sedimentary  beds,  but  also  that  new  mineral 
matter  might  be  introduced  in  a  state  of  vapour,  which,  combin- 
ing with  substances  originally  present  in  the  sedimentary  deposits, 

*  Dir.  Turner  Ibnnd  29  per  cent,  of  phospate  of  lime  still  forming  part  of  a  Ter- 
tebca  of  Ichthyoeaunu  from  the  lias  of  Lyme  Regis,  while  in  a  rib  and  tooth 
bnuBg  put  of  the  same  fossil  skeleton  the  phospate  of  lime  amounted  to  50  per 
cent  In  the  scales  of  a  specimen  of  Dapeduu  polittff  from  the  lias  of  the  same 
loadity,  he  obtuned  19  per  cent,  of  the  same  substance. 
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or  with  each  other^  produced  mineral  compounds  diflfereut  from 
those  existing  in  the  detrital  beds  before  they  were  subjected  to 
these  new  conditions. 

As  has  been  observed  by  Professor  Hausman,  the  heat  of  fur- 
naces often  produces  lasting  changes  on  stones  contained  in  them 
perfectly  analogous  to  those  observed  in  rocks  which  have  been 
brought  into  contact  with  igneous  masses.  He  states  that  ^'  clay 
slate  which  was  used  in  constructing  a  blast  furnace  at  Mag- 
desprung,  in  the  Anhalt  territory^  had,  from  the  long  operation  of 
heat,  without  becoming  fluid,  acquired  an  aspect  like  siliceous 
slate,  in  appearance  very  much  resembling  the  rock  which  is 
oilen  found  in  the  vicinity  of  greenstone,  where  that  rock  is  in 
contact  with  clay*slate."*  The  same  author  also  notices  the 
changes  produced  by  heat  on  sandstones  which  have  lined  or 
formed  the  base  of  furnaces,  and  the  analogy  of  the  altered 
substances  to  sandstone  rocks  in  contact  with  igneous  masses* 
Though  there  could  be  little  doubt  that  the  changed  character  of 
many  rocks  in  contact  with  igneous  masses  was  produced  by  the 
application  of  heat  to  them,  often  long  continued,  observations  of 
this  kind  are  always  important,  inasmuch  as  they  may  be  con- 
sidered in  the  light  of  experiments  made  to  try  the  value  of  the 
explanation  usually  given.  The  silicates  which  have  been  obtained 
by  heat,  in  experiments  instituted  for  the  purpose,,  and  accidentally 
in  furnaces,  are  most  important,  more  particularly  the  crystals  of 
mica  noticed  by  M.  Mitscherlich,  and  the  substance  resembling 
felspar,  mentioned  by  M .  Hausman  as  having  been  formed  by  a 
condensation  of  vapour  in  the  copper  furnaces  of  Sangerhausen.f 

*  Janieson*i  Edinburgh  New  Philogophical  Jouraal,  Janaary,  1838^  p.  81. 

t  The  condensation  of  vapoun,  and  the  formation  of  mineral  substances  from  than, 
which  resemble  natural  products,  have  scarcely  yet  received  the  consideration  which 
they  deserve  in  explanation  of  many  geological  phenomena.  Von  Buch  long  since 
called  attention  to  the  probability  that  many  dolomites  were  limestones  altered  by  va- 
pours which  had  entered  through  cracks  and  interstices  in  them.  The  decomposiD^ 
effects  produced  upon  the  granite  of  Auvergne  by  the  passage  of  carbonic  acid  through 
it  has  also  been  long  known  and  pointed  out,  and  Mr.  Lyell,  who  notices  several 
instances  of  the  modifying  influences  of  gases,  has  called  attention  to  the  g^at  alter- 
ations which  may  be  thus  produced.  (Principles  of  Geology,  5tli  ed.,  yol.iv.,  p.  374.) 

Various  facts  illustrative  of  the  formation  of  metallic  sulphurets  and  oxides  by 
Tspours  are  observed  in  furnaces.  M.  Hausman  notices  the  ciystaUisations  of  oxide 
of  sine  in  iron  blast  furnaces,  sometimes  accompanied  by  chloride  of  potassium,  ai»d 
the  sulphurets  of  zinc  and  lead  in  the  walls  of  lead,  silver,  and  copper  furnace*. 
(On  Metallurgic  Phenomena  as  illustrative  of  Geology,  Jaroeson^'s  Edinburgh  New 
Philosophical  Journal,  Jan.,  1838.)    Several  products  from  vapour  have  been  f^ 
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The  instances  in  the  district  in  which  heated  igneous  rocks 
may  have  produced  a  cliange  in  the  mineralogical  structure  of 
sedimentary  bedsi  anterior  to  the  protrusion  of  the  granite,  are  not 
numorous,  at  least  as  regards  any  material  modification.  At  the 
Black  Head  near  Torquay^  slate  would  appear  to  have  become 
hardened,  and  calcareous  beds  rendered  more  crystalline  by  an 
overflow  of  greenstone  in  fusion  upon  them.  The  fragments  of 
limestone  would  appear  to  have  had  their  original  structure  modi- 
fied when  caught  up  in  the  trap  rocks  at  Ashburton.  Some  of 
the  slates  in  the  vicinity  of  Port  Isaac  in  Cornwall,  on  which 
greenstones  rest,  would  appear  somewhat  modified,  and,  as  pre- 
viously noticed  (p.  89),  the  fragments  of  them  included  in  the 
greenstone  of  Kellan  Head  have  a  porcelanic  appearance. 

These  examples,  and  a  few  others  which  might  be  adduced, 
are,  however,  all  insignificant  compared  with  the  altered  condition 
of  the  various  rocks  brought  into  contact  with  the  granitic  masses 
of  Deron  and  Cornwall.  From  the  variable  mineralogical  cha- 
raeter  of  the  beds  through  which  the  granite  of  Dartmoor  has 
been  thrust,  the  altered  rocks  around  it  are  particularly  instructive, 
inasmuch  as  we  find  them  changed  in  accordance  with  their 
original  structure.  Thus,  where  the  grits  of  the  carbonaceous 
series  closely  approach  the  granite  on  the  north-west  of  Dart- 
moor, as  at  AYhite  Hill  near  LidforcL  we  find  them  taking  the 
character  of  quartz  ropk,  and  other  instances  of  the  same  kind 
may  be  observed  from  thence  round  by  Okehampton.  Wherever 
slates  come  into  contact  with  this  granite,  they  become  changed 
in  appearance,  some  having  been  rendered  flinty;  and  this  is 
rather  a  common  circumstance  with  the  shales  and  slates  of  the 
carbonaceous  series,  in  which  silica  is  often  abundant.  Where 
very  fine  clay-slate  skirts  the  moor  in  some  places  between  South 
Brent  and  the  Western  Beacon  on  the  south,  it  becomes  a  fel- 
spathic  rock,  striped  of  different  colours  in  the  original  structural 
lines  of  the  slate.  In  numerous  localities  we  find  the  coarser  slates 
converted  into  rocks  resembling  mica-slate  and  gneiss,  a  fact 
particularly  weU  exhibited  in  the  neighbourhood  of  Meavy, 
on  the  south-east  of  Tavistock.     Where  greenstones  approximate, 

Kncd  hy  Mr.  Logan  in  the  copper-works  belonging  to  him  and  Mr.  Benson  at 
Svansea.  Pure  copper  teen^s  to  be  thus  prodnced  in  the  form  of  dust  upon  the 
raofii  of  the  fun»ce*4ioo8es,  particularly  in  tl>e  neighbourhood  of  the  refinery,  from 
which,  when  it  rains,  it  is  washed  into  troughs  prepared  to  recciTe  it  and  convey 
it  Id  a  reaerroir  to  be  resmelted. 
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or  come  into  contact  with  the  granite^  the  crystallization  has 
become  large  near  it^  and  even  a  modification  of  the  arrangement 
of  the  component  particles  seems  to  have  been  produced^  so  that 
the  hornblende  resembles  hypersthene ;— examples  of  this  kind  are 
observable  at  Cocks  Tor^  near  Tavistock,  and  in  the  trappean 
masses  near  Bridford,  Cristow,  and  Hennock,  on  the  east  of  the 
moor.* 

Round  the  various  granitic  masses  of  Cornwall  the  alterations 
are  equally  apparent.  Near  Camelford  we  observe  a  fine  are- 
naceous and  micaceous  grauwacke  turned  into  a  rock  resembling 
mica-slate  near  the  granite ;  and  some  of  the  trappean  rocks  and 
ash  become  modified  in  the  vicinity  of  Davidstow  and  St.  Clether, 
where  they  approach  the  same  rock.  A  very  interesting  variety 
of  altered  slates  is  found  at  Fatworth  Hill,  and  upon  Castle-an- 
Dinas,  near  St.  Columb  Major,  schorl  having  been  introduced 
among  the  laminae. 

It  would  be  uselessly  occupying  time  to  attempt  a  description  of 
all  the  altered  rocks  which  occur  in  Cornwall,  inasmuch  as  the 
varieties  are  as  considerable  as  the  composition  of  the  rocks 
brought  under  the  necessary  conditions,  llie  slates  not  un- 
frequently  become  extremely  hard,  and  of  a  dark  colour— dark 
purple  is  by  no  means  an  uncommon  tint.  Another  common 
variety  consists  of  a  glossy  grey  slate  often  containing  disseminated 
and  imperfect  crystals  of  a  mineral  resembling  chiastolite. 

The  coast  from  St.  Ives  to  Penzance  affords  a  good  opportunity 
of  studying  the  alteration  of  fine-grained  greenstones  and  ordinary 
grauwacke  slates,  portions  of  these  rocks  occurring  on  the  out- 
skirts of  the  Land*s  End  granite  in  a  manner  to  render  the  junc- 
tion of  the  two  classes  of  rocks  very  accessible.  Granite  veins  not 
unfrequently  penetrate  into  the  altered  slate,  while  the  greenstones 
appear  to  have  offered  more  resistance  to  the  forces  which  broke 
through  the  former.  The  mineralogical  structure  of  these  altered 
rocks  has  been  well  described  by  Dr.  Forbes,  who  notices  the 
felspathic  character  of  a  large  portion  of  them,  and  has  given  a 

*  From  Dr.  Muir*i  aiwlyaes  of  hypersthene  from  (he  Isle  of  Skye  and  from 
Labrador  (Thomson's  "  Outlines  of  Mineralogy,  &c/'),  and  Bonsdorfs  analywa 
of  hornblende  from  Nordmark,  Vogelsberg,  and  Pargas,  which  show  that  the  coa- 
sUtuent  parts  of  the  minerals  to  which  these  names  are  jfiven  vary  considerably  ia 
their  relative  proportions,  it  would  appear  that  hypersthene  chiefly  diflers  from  horn- 
blende in  being  free  from  fluoric  acid,  in  containing  somewhat  more  magnesia  and 
silica,  and  lew  lime  and  alumina. 
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detailed  section  of  the  Gurnard's  Head.*  Veins  of  actinolite  are 
Tery  common  among  the  greenstones  of  this  coast,  and  veins  of 
schorl  also  are  found  among  the  same  rock  near  St.  Ives.  Near 
the  latter  place  the  greenstone,  as  it  approaches  the  granite, 
becomes  large  grained^  agreeing  with  similar  alterations  in 
numerous  other  places.  Near  Mousehole  some  of  the  altered 
slates  resemble  gneiss,  a  variety,  with  others  having  the  appear- 
ance of  mica-slates,  not  uncommon  in  other  parts  of  Cornwall  near 
the  granite.  In  the  vicinity  of  Penryn  the  gradual  change  of 
common  into  mica-slates  may  be  advantageously  seen  on  the 
ascent  of  the  road  from  that  place  to  Constantine,  the  deep  cutting 
affording  a  better  section  than  can  be  usually  obtained  inland, 
if  we  except  the  shafts,  adits,  and  levels  in  the  mines. 

In  these  various  modifications  we  often  appear  to  have  mineral 
matter  introduced  among  the  constituent  parts  of  the  original 
rock,  as,  for  instance,  in  the  case  of  the  schorlaceous  slates  upon 
Fatwork  HiH  and  Castle-an-Dinas.  That  schorl  is  a  mineral 
which  may  be  decomposed  in  one  place,  and,  under  favourable 
coodiboos,  recomposed  in  another,  we  have  evidence  in  the  schorl 
rocks  of  Trevalgan,  near  St.  Ives  (p.  161),  so  that  in  the  schorl- 
aoeotis  slates  of  Fatwork  Hill  and  Castle-an-Dinas  we  may- 
suppose  the  schorl  to  have  been  introduced  among  the  ordinary 
grauwacke  slates,  of  which  they  constitute  a  continuous  part, 
subsequently  to  the  intrusion  of  the  adjoining  schorlaceous 
granites.  The  mica  also  in  many  cases  appears  to  have  been 
formed  in  the  altered  rock  from  matter  received  ftx)m  the  adjoin- 
ing granite^  more  particularly  when  the  latter  is  very  micaceous, 
and  the  felspar  in  the  gneiss-like  variety  may  have  been  often 
added  in  the  same  manner;  and  that  these  minerals  may  have 
thus  been  introduced  is  rendered  far  from  improbable,  from  the 
artificial  formation  of  minerals  resembling  mica  and  felspar  in  the 
mamKer  above  noticed  (p.  266). 

As,  however,  the  sedimentary  beds  which  are  thus  altered  are 
frequently  made  up  of  matter  so  finely  comminuted  that  the 
mberals  from  which  such  detritus  was  originally  derived  are  no 
longer  distinguishable,  there  is  great  difiSculty  in  ascertaining, 
without  careful  analyses  of  the  altered  or  unaltered  parts  of  the 
f^Aa,  whether  the  former  are  due  to  a  mere  re-arrangement  of 

*  TVans.  Qeol.  Soc.  of  Cornwall,  vol.  ii.  p.  260,  pi.  3. 
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particles  in  conformity  with  the  new  conditions  to  which  they  have 
been  exposed,  or  matter  derived  from  the  adjoining  granite  has  been 
added  to  them.  If  the  comminuted  parts  of  a  granitic  compound 
have  not  been  much  separated  since  they  were  transported  (ix)m 
the  parent  rock,  and  brought  into  contact  with  a  heated  mass  of 
granite,  we  might  readily  expect  to  see  a  rock  like  gneiss  pro- 
duced where  conditions  may  have  been  favourable  to  the  re- 
arrangement of  the  original  crystalline  parts,  a  compound  like 
mica-slate  where  the  particles  of  quartz  and  mica  have  alone 
remained  together,  and  a  compact  felspathic  rock  where  the 
lighter  particles  of  felspar  have  so  drifted  from  the  parent  rock, 
that  they  have  first  formed  clay,  have  afterwards  been  converted 
into  slates,  and  have  been  subsequently  brought  into  contact  with 
the  hot  fluid  rock.  Be  this  as  it  may,  it  is  difficult  to  conceive  that 
nothing  should  have  escaped  from  the  hot  fluid  granite  in  the 
shape  of  vapour  into  the  pores  and  cracks  of  the  adjoining  dis- 
rupted beds,  or  that,  when  the  mass  was  sufficiently  cool  to  allow 
water  to  permeate  among  both  rocks  at  a  high  temperature^  some 
modifying  combinations  were  not  then  produced.* 

Divisional  Planes. 

When  we  thus  perceive  that  a  mass  of  rocks  has  been  greatly 
modified  in  its  mineral  structure^  and  recollect  that  the  igneous 
portion  of  it,  that  which  has  been  in  a  state  of  ftision,  has  had  its 
component  parts  arranged  in  as  crystalline  a  manner  as  the  ec»- 
ditions  under  which  it  has  been  placed  would  permit^  we  are 
somewhat  prepared  to  find  that  these  varied  changes  in  the  con- 
dition of  the  whole  may  have  been  accompanied  by  some  still 

*  While  on  the  subject  of  altered  rocks  we  should  notfoe  the  lines  of  a  qontao- 
felspathic  sabstance  occurriog  among  the  tlatesy  and  apparently  dipping  confMinably 
with  their  beds,  between  St.  Columb  Major  and  Bodmin.  As  they  are  found  among 
beds  which  do  not  appear  to  have  been  subjected  to  a  change  in  their  mineral  stnic- 
ture  from  the  contact  of  igneous  locks,  since  they  were  consolidaled,  it  is  diflesdt  to 
suppose,  though  they  much  resemble  some  of  the  slates  altered  into  felspathk  cocka 
near  the  granite  of  the  south-east  of  Dartmoor,  and  a  few  other  placesy  that  they 
are  sedimentary  beds  which  have  suffered  change  from  heat.  They  may  therefore 
be  igneous  rocks  which  have  been  formed  during  the  deposit  of  the  sedimentary 
matter  among  which  they  occur,  in  the  manner  of  the  centemperaaeoas  gveenatoBes 
and  other  trappean  rocks  so  situated  in  other  localities.  At  Rosevanion,  near  St 
Columb  Major,  one  of  these  bands  of  rock  exhibits  traces  of  lamination  in  the  di- 
rection of  the  dip. 
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more  general  modification  in  its  constituent  parts,  from  being 
brought  within  the  powerfnl  influence  of  laws  that  tended  to 
render  the  general  mass  crystalliform.  When,  therefore,  we  see 
two  series  of  divisional  planes,  independent  of  the  bedding  in  the 
detrital  beds,  alike  traversing  igneous  rocks  and  sedimentary  de- 
posits, one  series  being  either  vertical  or  very  highly  inclined, 
the  planes  varying  from  a  few  inches  to  several  feet  apart,  and  the 
other  series,  not  so  generally  common,  having  the  planes  so  close 
as  often  to  divide  the  rock  into  thin  laminae,  we  are  led  to  sup- 
pose  that  powerful  forces  tending  to  render  the  mass  crystalliform 
have  been  in  action,  and  that  these  two  kinds  of  divisional  planes 
are  their  effects. 

In  1811  Dr.  Berger  observed  that  the  grauwacke  of  the  cliflS 
of  Whitesand  Bay,  near  Plymouth,  separated  into  "very  regular 
rhomboidal  joints.'*  *  In  1821  Professor  Sedgwick  observed 
that,  "whenever  any  natural  section  of  the  country  (Devon  and 
Cornwall)  exposes  an  extended  surface  of  the  granite,  we  find 
portions  of  it  divided  by  fissures,  which  often,  for  a  considerable 
extent,  preserve  an  exact  parallelism  among  themselves.*'  He 
further  adds  that  "  these  masses  are  not  unfrequently  subdivided 
hj  a  second  system  of  fissures,  nearly  perpendicular  to  the  former, 
in  consequence  of  which  structure  the  whole  aggregate  becomes 
wparated  into  blocks  of  rhomboidal  form."  f  In  1833  Mr.  Enys 
stated  that  the  vertical  divisional  planes  or  joints  of  the  granite 
Dear  Pairyn  took  a  general  direction  from  N.N.W.  to  S.S.E., 
varying  but  a  few  degrees  from  those  points  ;^  and  in  1834  we  had 
occasion  to  remark  that  "  the  cleavage  of  the  Devon  and  Com- 
vail  granite  is  frequently  in  given  directions  over  consideraUe 
areas,  showing  that  the  causes  producing  it  have  acted  on  the 
large  scale,"  adding  that  the  most  general  direction  was  from 
\.N.W.  to  S.S.E.,  agreeing  with  that  observed  in  the  granite  near 
Peiiryn,§  and  that  the  granite  on  the  northern  part  of  Dartmoor 
vas  not  only  cleaved  perpendicularly  in  this  direction,  but  also  in 
Imes  at  right  angles,  or  nearly  so,  to  it.|| 
Though  the  general  direction  of  these  lines,  which  may  be 

*  Geological  Transactions,  vol.  i. 
f  Cusbridge  Philosophical  Transactions,  toI.  i. 

t  On  the  granite  district  near  Penr3m,  Cornwall.    London  and  Edinburgh  PhiU 
^.Maj,  1833. 
i  Researches  in  Theoretical  Geology,  p.  103. 
'}  iUl  p.  104. 
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termed  great  divisional  planes,  to  distinguish  them  from  Aedca- 
vage  lamination  to  be  presently  noticed,  may  be  N.N.W.  and 
S.S.E.,  varying  only  a  few  degrees  from  those  points,  these  planes 
are  by  no  means  confined  to  it ;  on  the  contrary,  there  are  many 
exceptions  to  it  in  the  granite  districts  of  Cornwall  and  Devon. 
To  show  an  average  amount  of  local  variation  in  this  respect,  we 
will  select  the  coast  between  Pedn-maen-du  and  Pedn-maen-an- 
mear,  which  includes  the  Land's  End,  as  it  is  easily  visited  and  the 
great  divisional  planes  well  seen.  Commencing  with  the  north, 
they  run  as  follows  : — 


At  Pedn-maen-du  • 
Near  Gam  Clog    •     • 
Near  Cam  Creis    .     > 
Nanjisal,  or  Mill  Bay  . 


325*** 

325°  &  242° 
318° 
316° 


Cam  MeUyn  .  .  • 
Td-pedQ-penwith  .  .  •  316°  ft  218* 
On  west  of  Forth  Chapel.  328°  ft  225'' 
Pedn-maen-aninear     .     .  320^ 


Cam  Barra 318° 

Taking  the  present  magnetic  north  to  be  about  335®  at  the 
Land's  End,  the  leading  great  cleavage  of  Pedn-maen  du  and 
Cam  Clog  would  differ  from  it  10^ ;  that  of  Cam  Creis  and 
Carn  Barra,  17**;  that  of  Mill  Bay  and  Tol-pedn-penwith,  19"*; 
that  of  Cam  Mellyn  and  Porth  Chapel,  7** ;  and  that  of  Pedn- 
maen-anmear,  15°,  the  average  of  the  whole  differing  from  it  be- 
tween 13°  and  14°.  It  will  be  observed  that  the  cross  great 
cleavage  is  not  always  sufficiently  well  characterised  to  be  noticed, 
and  that  it  varies  more  considerably  than  the  north  and  south  cleav- 
age, the  cross  cleavage  planes  at  Carn  Clog  and  Tol-pedn-penwith 
differing  24°  in  direction.  The  line  of  cross  cleavage  makes  an 
angle  of  830  with  the  main  cleavage  at  Cam  Clog,  of  98°  at  Tol- 
pedn-penwith,  and  of  103°  near  Porth  Chapel,  the  angle  being 
measured  on  the  west. 

The  above  will  convey  a  fair  idea  of  the  general  variations  in  the 
directions  of  the  great  divisional  planes  of  the  granite  in  Cornwall 
and  Devon,  the  results  of  many  hundred  observations  on  which 
would  give  about  80  per  cent,  of  instances  in  which  the  great  divi- 
sional planes  differed  only  14°  from  the  present  magnetic  meridian 
in  the  district,  and  about  15  per  cent,  of  cases  in  which  they 
differed  between  14""  and  20°,  leaving  about  5  per  cent,  of  instances 
in  which  the  north  and  south  lines  approximate  the  cross  planes. 

*  In  these  directions  the  degrras  of  the  cirde  are  reckoned  round  by  the  east,  9(P 
reprasenting  that  point,  180^  the  south,  and  270°  the  west.  The  second  numbers  in 
the  list  represent  the  directions  of  the  cross  great  divisional  planes. 
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The  same  numbers  may  be  nearly  taken  to  represent  the  pr6por« 
tion  of  cases  in  which  the  latter  approximate  to  within  a  few  de- 
grees of  a  right  angle  to  the  other  main  planes. 

While  a  large  proportion  of  the  great  divisional  planes  in  the 
serpentine  of  the  Lizard  have  a  direction  approaching  the  present 
magnetic  meridian^  we  find  several  exceptions  to  it  The  following 
will  serve  to  show  the  prevailing  direction  in  the  serpentine  of 
diflEbient  parts  of  that  district  :*— 


Lankiddea  Cove      « 
Block  Head      .     . 
Forth  beer  Cove.     . 
Goonhilly  Downs,    ) 
N.  of  TrelowarrenJ 


290°  &  211° 
287°&19r 
312°  &  198° 

3350 


Hnucarth  Rock  (Mullion)  .  335°  &  225° 

MulUoD  Cove  (S.  side)  .     .  355° 

Between  Vellau  Head  1  33^0  ^  230° 
and  Que  Giaae        f 

Rill  Head 295° 

OnN.ofKynanceCuve     .  340° 

It  will  be  observed,  that,  while  the  prevailing  direction,  with  the 
exceptbn  of  the  local  variations  at  Rill  Head  and  on  the  south 
side  of  Mullion,  is  in,  or  within  a  few  degrees  of,  the  magnetic 
meridian,  irom,Kynance  Cove  to  Goonhilly  Downs,  the  main  divi- 
stooai  planes  between  Kennack  and  Coverack  Coves  differ  between 
23P  to  48^  from  it  While  on  the  subject  of  the  Lizard,  it  may  be 
observed,  that  the  great  divisional  planes  which  traverse  the  horn- 
blende slate  in  it  do  not  appear  to  have  any  strongly-marked 
and  prevailing  direction  throughout.  Near  the  lighthouses  they 
hold  a  course  of  263^  and  somewhat  further  west,  towards  Pen- 
olver  Point,  one  of  322''.  Perhaps  as  a  whole,  the  divisional 
pknes  of  the  hornblende  slate  are  more  frequently  within  a  few 
degrees  of  true  east  and  west  than  in  other  directions.  At  Portb- 
alla  they  have  a  direction  of  about  268^. 

Great  divisional  planes  are  common  throughout  the  varied  rocks 
of  the  grauwacke  and  carbonaceous  series.  In  the  limestones 
they  generally  run  at  right  angles  to  the  dip  of  the  beds,  good 
examples  of  which  may  be  seen  in  the  vicinity  of  Plymouth.  In 
very  numerous  instances  also  in  the  carbonaceous  series  of  Devon 
and  Cornwall,  they  hold  the  same  course  relatively  to  the  planes 
of  deposit  Among  the  slates  of  the  grauwacke,  particularly  the 
iner  varieties,  a  direction  of  325°  is  very  common,  the  direction 
being  estimated  by  the  average  run  of  the  lines  for  at  least  some 
yards,  for  on  the  small  scale  great  divisional  planes  often  cut 
others  at  acute  angles  for  short  distances,  disturbing  the  general 
parallelism  and  rendering  it  difficult,  when   limited  natural,  or 

T 
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artificial  sections  are  alone  exposed^  to  determine  the  direction  of 
the  chief  planes  within  several  degrees.  It  may  be  here  observed^ 
that  the  crossing  of  divisional  planes,  so  as  frequently  to  show 
three  series  cutting  each  other,  is  not  confined  to  the  slates  of 
the  grauwacke,  but  is  frequently  observable  in  the  granites,  the 
arenaceous  grauwacke,  and  carbonaceous  series,  the  chief  planes, 
however,  being  usually  found  well  marked,  and  to  prevail  in  one 
direction,  or  at  most  in  two,  when  we  do  not  confine  our  view  to 
a  limited  area. 

How  far  the  direction  of  the  great  divisional  planes  at  right  angles, 
or  nearly  so,  to  the  planes  of  deposits  over  a  large  part  of  Devon 
and  Cornwall,  may  be  caused  by  the  accidental  circumstance  of 
the  beds  having  a  strike  which  would  produce  this  appearance  if 
the  general  course  of  the  divisional  planes  had  a  northern  tendency, 
it  would  be  difficult  to  say.  Probably  this  circumstance  may 
have  some  influence  on  the  general  appearance,  inasmuch  as,  at 
the  contact  with  the  granitic  masses,  where  the  beds  of  the  grau- 
wacke  and  carbonaceous  series  become  altered,  the  great  planes 
coming  out  of  the  granite  and  cutting  through  the  adjoining  sedi- 
mentary rocks  appear  often  to  traverse  the  planes  of  stratification 
obliquely,  the  beds  having  been  thrown  out  of  their  g^eral  strike 
by  the  protrusion  of  the  granite. 

In  the  red  sandstone  series  great  divisional  planes  are  not  so 
frequent  as  in  the  older  rocks :  such  planes  do  however  occur,  and 
are  found  for  the  most  part  to  range  in  northerly  and  southerly 
directions.  In  the  lias  of  the  neighbourhood  of  Watchet  they 
are  common,  dividing  the  limestone  beds  into  cuboidal  and  pris* 
matic  portions.  In  that  of  Lyme  Regis  they  are  more  rare.  In 
one  or  two  beds  of  slaty  lias,  on  the  west  of  the  church  diflb  at 
the  latter  place,  divisional  planes  have  caused  a  regular  appear- 
ance resembling  planks  on  a  floor.  The  greater  proportion  of 
the  great  divisional  planes  in  the  lias  also  take  directions  among 
which  those  which  do  not  vary  many  degrees  from  the  magnetic 
meridian,  or  which  run  at  right  angles  to  it,  are  not  unoommon. 

As  a  whole  the  great  divisional  planes  of  the  district  may  be 
said  to  prevail  more  in  directions  from  N.  to  N.W.  and  from  S. 
to  S.E.  than  in  others,  the. greatest  number  holding  their  courses 
within  a  few  degrees  of  N.N.W.  and  S.S.E.,  these  lines  being  cut 
by  others,  which  chiefly  form  angles  from  70°  to  90**  with  them. 
When  we  compare  these  directions  with  those  which  have  been 
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obiseiTed  elsewhere,  we  find  so  much  coincidence  that  We  can 
scarcely  consider  it  accidental^  but  rather  due  to  some  law  go* 
Teraing  the  arrangement  of  the  component  parts  of  rocks^  both 
igneotis  and  sedimentary,  on  the  large  scale.  Professor  Phil- 
lips's diagram  of  the  divisional  planes  in  the  carboniferous  lime- 
stone of  Northern  England"'  would,  with  only  a  few  modifica- 
tions, represent  the  course  of  those  in  the  district  under  considerar 
tion;  and^  from  information  which  we  have  obtained  respecting  the 
pre?aient  direction  of  similar  divisional  planes,  more  particularly 
in  granites  and  grauwacke,  of  several  localities  in  other  parts  of 
England,  and  in  France,  there  would  appear  to  be  a  coincidence 
in  mdtk  prevalent  directions  which  can  scarcely  be  supposed  acci- 
dental, though  no  doubt  great  modifications  may  be  expected 
from  the  chemical  and  mineral  character  of  rocks  traversed  by 
these  planes,  as  has  been  remarked  by  Professor  Phillips,  f 

In  addition  to  these  great  divisional  planes,  many  slates  in  the 
grauwa^  a  few  of  those  in  the  carbonaceous  series,  with  some 
sandstones  and  calcareous  rocks  in  the  former^  are  traversed  by 
planes  of  lamination  due  apparently  to  powerful  forces  which  have 
divided  the  rock  into  thin  plates.  We  have  above  (p.  43)  alluded 
to  thedifiiculty  caused  by  these  planes  of  lamination  in  distinguish- 
ing the  true  beds  in  several  localities,  and  that  they  remain  constant 
in  their  direction  through  contorted  beds,  so  that  they  sometimes 
coincide  with  the  planes  of  deposit,  and  at  others  occur  at  right 
angles  to  them  (p.  44,  fig.  2).  We  have  moreover  observed  that. 
these  planes  of  lamination  sometimes  cut  those  of  deposit  ob- 
liquely (p.  45,  fig.  3).  It  remains  therefore  to  state  that, 
while  in  some  districts,  such  as  North  Devon,  West  Somerset, 
Southern  Devon,  and  some  parts  of  Cornwall^  these  lamination 
planes  clearly  cut  those  of  deposit,  so  as  to  show  that  they  are  the 
effect  of  some  great  re-arrangement  of  the  mineral  matter  com- 
poang  the  rocks  since  their  component  parts  were  brought  to  rest, 
in  some  parts  of  Cornwall,  more  particularly  on  the  south,  there 
is  great  difficulty  in  considering  the  schistose  structure  of  the  slate 
to  have  been  produced  otherwise  than  by  original  deposit 

The  schistose  character  of  the  grauwacke  of  North  Devon  and 
West  Somerset  would  appear  to  have  been  frequently  produced 
by  planes  of  lamination,  which  have  traversed  the  original  beds 

*  Treatise  on  Geology  (Lardner^s  Cabinet  Cyclopadia).,  p.  65. 
t  Jb.  p.  66. 
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6f  mud  and  clay  either  during  or  subsequently  to  their  consolida^ 
tion.  A  great  prevailing  direction,  having  a  southern  dip,  runs 
through  a  large  portion  of  them.*  The  range  of  the  Morthoe 
slates  from  the  coast  to  Clatworthy  would  seem  to  ajSTord  ex- 
amples of  these  circumstances.  In  other  places  again^  as  at  Lin- 
ton and  the  range  of  the  Barnstaple  beds,  the  schistose  structure 
so  agrees  with  seams  of  organic  remains,  that  we  are  led  to  con- 
sider it  due  to  original  deposit,  more  particularly  as,  in  some 
contortions  on  the  coast,  the  schistose  planes  are  bent  conformably 
with  the  seams  of  organic  beds,  and  the  whole  agrees  with  the 
true  bedding.  We  very  often  observe  a  few  beds  cut  obliquely 
by  planes  of  lamination  among  others  which  bear  no  traces  of 
having  had  their  parts  arranged  by  laminating  forces,  and  this  is 
particularly  observable  when  sandstones  are  interstratified  with 
fine-grained  slates,  seeming  to  show  that,  while  the  fine  particles 
of  the  mud  or  clay  were  arranged  by  these  forces,  the  sand  had 
not  been  acted  upon  sufficiently  to  produce  any  marked  effect ; 
probably  also  the  different  mineral  composition  of  the  beds,  should 
it  be  different,  may  have  been  variously  acted  upon,  independ- 
ently of  the  facility  with  which  small  particles  may,  compared 
with  the  larger,  have  obeyed  a  force  tending  to  move  and  re- 
arrange them. 

When  the  planes  of  lamination  traverse  different  beds,  inter- 
ruptions of  the  even  course  of  the  laminae  are  often,  though  not 
always,  observable,  as  in  the  subjoined  section  (fig.  31),  in  which 

Fig.  31. 


it  will  be  seen  that  they  are  bent  and  undulate  where  they  meet 
the  beds,  a  a  being  the  laminae  and  b  b  the  beds.     It  would 

*  The  following  description  hj  Profenor  Sedgwick,  of  the  lamioatioii  plmnes 
which  are  observable  in  the  country  stretching  from  the  gorge  of  the  Wye,  above 
Rhaiadr,  to  the  upper  gorges  of  the  Eolan  and  the  Towy,  with  the  exception  of  thAt 
which  relates  to  the  coarser  beds  and  to  the  exact  direction  of  the  planes,  is  appli- 
cable to  much  of  North  Devon.    "  The  whole  region,"  he  observes,  «  b  made  vp  of 
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appear  as  if  the  laminating  forces  had  suffered  interruption  where 
they  encountered  the  open  space  between  the  beds,  filled  pro- 
bably with  water,  containing,  as  usual^  mineral  matter  in  solution. 
It  would  appear  also  that  the  general  planes  of  lamination 
have  sometimes  suffered  interruption  from  thin  seams  of  lime- 
stone. The  following  (fig.  32)  is  a  sketch  of  the  mode  of  the 
ootrurrence  of  ai^illaceous  slate  and  thin  seams  of  limestone  .at  a 
quarry  on  the  road  to  Combe  Martin,  on  the  east  of  Hillsborough 


Fig.  32. 


•^Y      O 


'^ 


Hill,  near  Ilfracombe.  Argillaceous  slates  a  a  a  alternate  with 
b'mestone  seams  b  b  b,  about  two  or  three  inches  thick.  The 
schistose  structure  of  the  slates  seems  entirely  due  to  planes  of 
lamination  which  have  traversed  them  with  a  southern  dip,  the 
plane  of  deposit  and  the  true  bedding  being  marked  by  the 
seams  of  limestone.  Where  these  planes  arrive  at  the  lime- 
stone seams  their  course  is  interrupted,  and  the  limestone  is  di- 
vided by  contorted  veins  of  carbonate  of  lime>  no  doubt  filling  up 
cracks  which  were  produced  in  the  limestone  when  the  lamina- 
tion was  effected.  After  passing  the  limestone  seam  the  even 
lamination  is  again  continued  to  the  next  limestone,  where  similar 

cootortad  ftimta ;  and  of  the  true  bedding  there  i»  not  the  shadow  of  a  doabt< 
Muj  parts  are  of  a  coaise  mechanical  stnicture  ;  but  subordinate  to  them  are  fine, 
cxyvunine,  chloritic  slates.  But  the  coarser  beds  and  the  finer,  the  twisted  and 
the  stnight,  have  all  been  subjected  to  one  chang^.  Crystalline  forces  have  re« 
amnged  whole  mountain  masses  of  them,  producing  a  beautiful  crystalline  cleav- 
•ge^paMog  alike  through  all  the  btrata.  And  again,  through  all  this  region, 
vkatever  be  the  contortions  of  the  rocks,  the  planes  of  cleavage  pass  on,  generally 
witboot  deflation,  running  in  parallel  lines  from  one  end  to  the  other,  and  inclining 
rt  a  gftat  angle,  to  a  point  only  a  few  degrees  west  of  magnetic  north."  (On  the 
Stmctioc  gf  large  Mineral  Masses,  Geol.  Trans.,  2nd  series,  vol.  iii.  p.  477.) 
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appearances  are  repeated.  The  divisions  in  the  limestone  are 
represented  on  a  larger  scale  at  c,  where  it  will  be  observed  that, 
though  contorted  (more  so  in  reality  than  they  could  conve- 
niently be  represented  in  the  figure),  they  still  conform  to  the 
general  planes  of  lamination  traversing  the  wbcAe  rock. 

Though  it  would  thus  appear  that  the  forces  producing  lami- 
nation  did  not  in  this  case  traverse  the  limestone  so  as  to  produce 
even  plane  surfaces,  but  apparently  broke  through  the  seams  in 
an  irregular  manner,  this  is  not  always  the  case  with  respect  to 
beds  of  limestone  in  contact  with  slates,  as  may  be  well  seen  in 
the  vicinity  of  Brixham  (South  Devon),  where  even  planes  of 
lamination  equally  traverse  some  beds  of  slate  and  limestone 
(p.  45,  fig.  3). 

If  the  schistose  structure  of  the  slates  may,  as  appears  to  be 
the  case,  have  been  produced  by  two  dissimilar  causes,  one  being 
the  simple  deposit  of  detrital  or  chemically-precipitated  matter, 
and  the  other  a  force  re-arranging  the  parts  of  such  matter,  it 
becomes  no  easy  task,  when  the  true  bedding  cannot  be  well  de- 
termined, as  frequently  happens,  to  ascertain  the  relative  age  of 
the  lamination  of  the  grauwacke  and  carbonaceous  series  of  the 
district,  as  regards  the  intrusion  of  the  granite  of  several  parts  of 
Devon  and  Cornwall,  solely  from  the  actual  contact  of  the  laminae 
of  slate  with  the  granite.  We  see  that  this  lamination  took  place 
after  the  contortion  of  the  rocks  in  North  Devon  and  West  So- 
merset, so  that>  if  we  could  be  certain  that  these  beds  only  be- 
came so  contorted  at  the  epoch  when  the  granite  was  protruded, 
the  lamination  of  the  grauwacke  of  that  part  of  the  district 
took  place  after  the  granite  was  thrown  up.  There  certainly 
seems  no  reason  why  we  should  consider  all  lamination  which 
occurs  in  the  planes  o.f  deposit  as  due  to  the  latter  alone,  for  it 
may  readily  have  so  happened  that  the  direction  of  the  laminating 
forces  may  have  been  in  those  planes,  as  has  taken  place  among 
the  contorted  beds  of  North  Devon  and  West  Somerset,  where 
the  contortions  have  brought  the  beds  in  the  direction  of  such 
planes.  Still,  as  we  find  many  little  seams  of  coarser  materials  in 
the  planes  of  deposits  in  various  localities,  and  other  circum- 
stances indicative  of  the  schistose  structure  having  been  produced 
by  deposit,  we  should  require  good  proof  that  the  schistose  struc- 
ture was  produced  by  cleavage  lamination  where  it  coincides  with 
the  great  planes  of  deposit. 
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Among  the  veins  of  porphyritic  rock  previously  noticed  as  in- 
truded among  the  grauwacke  between  Cawsand  and  Redding 
Point,  Plymouth  Sound  (p.  211)^  we  seem  to  obtain  evidence 
respecting  the  date  of  the  lamination  of  the  slate  among  which 
these  igneous  products  have  been  thrust^  inasmuch  as  the  lamina- 
tion passes  through  both  the  slate  and  some  of  the  thinner  veins^ 
rendaring  the  whole  equally  schistose^  as  is  represented  in  the 
annexed  sketch   (&g.  S3),   in   which  a  a  is  a  vein  rendered 

Fig.  33. 


schistose,  and  6  b  the  including  slate.  It  should  be  observed  that 
the  mineral  structure  of  these  veins  appears  to  have  been  modified 
by  the  action  of  the  powerful  forces  which  have  rendered  the 
whole  laminated  So  mxich  is  this  the  case  in  some,  that  it  would 
be  only  by  tracing  the  gradual  change  from  the  arrangement  of 
the  component  parts  of  the  porphyry  in  the  mass^  where  it 
becomes  thickly  laminated  on  the  outskirts  towards  the  east,  to 
those  places  where  the  rock  has  become  altogether  schistose,  that 
an  observer  would  feel  assured  these  veins  formed  part  of  ejected 
igneous  rocks. 

If  we  have  been  right  in  inferring  (p.  211)  that  this  porphyritic 
rook  may  be  of  the  age  of  the  igneous  rocks  of  the  red  sandstone 
seriesp  (and  it  may  be  observed  that  other  good  examples  of 
thickly  laminated  igneous  rocks  of  that  age  are  to  be  found  at 
Haxel  Barton,  near  Kellerton,  and  on  the  ascent  of  Beacon  Hill, 
near  Crediton^)  the  lamination  of  the  slate  adjoining  it  would 
appear  contemporaneous  with  the  early  part  of  that  series.  If 
it  be  of  the  age  of  the  elvans  generally,  we  might  at  least  infer 
that  kmination  took  place  in  the  grauwacke  near  Plymouth 
after  the  intrusion  of  the  granite,  unless  we  suppose  the  schistose 
thaiacter  of  the  veins  to  have  been  produced  by  some  influence 
which  the  laminated  condition  of  the  adjoining  rock  may  have 
exerted  upon  them. 

It  is  quite  clear  that  the  schistose  structure  of  a  large  portion 
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of  the  graiiwacke  and  carbonaceous  series  existed  anterior  to  the 
production  of  the  red  sandstone  series,  inasmuch  as  abundant 
fragments  of  the  slaty  beds  of  those  deposits  are  intenningled  with 
the  breccias  and  conglomerates  so  common  in  its  lower  part ;  and 
it  would  appear  equally  evident  that  great  divisional  planes  Ira- 
versed  the  grauwacke  and  carbonaceous  series  prior  to  the  same 
period,  as  the  lower  beds  of  the  red  sandstone  series  cover  up 
inequalities  in  them  which  have  often  been  modified  in  their  form 
by  these  divisional  planes ;  and,  lest  it  may  be  inferred  that  the 
conditions  may  have  been  unfavourable  to  the  continuance  of  the 
great  divisional  planes  from  the  lower  rocks  up  into  the  super- 
incumbent breccias  and  conglomerates,  it  may  be  observed  that 
the  matter  of  the  latter  may  occasionally  be  seen  filUng  the  upp^ 
portions  of  widened  great  divisional  planes  in  the  lower  rocks. 

In  addition  to  these  two  marked  arrangements  of  the  con- 
stituent matter  of  the  rocks  into  great  divisional  and  laminatioa 
planes,  we  sometimes  find  it  split  into  a  multitude  of  bodies  of  a 
rhomboidal  or  prismatic  form,  bearing  a  close  resemblance  to 
crystals,  some  being  more  imperfect  than  others.  In  manj  of 
the  beds  of  the  grauwacke  and  carbonaceous  series  these  bodies 
would  appear  to  be  formed  by  the  intersection  of  the  three  planes 
of  deposit,  cleavage,  lamination,  and  great  divisions;  and  upon 
the  angles  at  which  they  meet  the  greater  or  less  regularity  of  die 
figures  would  appear  to  depend.  As  some  arenaceous  beds 
placed  between  others  of  slate  are  divided  into  a  multitude  of 
these  bodies,  while  the  slates  are  not,  and  cases  occur  where  the 
slates  are  split  into  these  bodies,  while  sandstone  beds  are  merely 
separated  into  the  great  divisional  planes,  it  would  appear  that 
this  crystalliform  arrangement  of  parts  was  often  ccmfined  to  par- 
ticular beds  from  local  causes.  These  facts  are  so  common,  that 
it  would  be  useless  to  notice  the  various  localities  in  which  tfaey 
may  be  seen ;  but  it  may  be  observed  that  the  carbonaceous  series 
has  a  greater  tendency  to  be  so  split  up  than  the  grauwacke, 
and  that  often,  both  in  the  one  and  in  the  other,  a  few  blows  with 
the  hammer  will  subdivide  some  of  these  bodies  into  still  smaller 
portions,  having  the  same  shape  with  original  rhomboidal  or 
prismatic  pieces  of  rocks.  In  many  instances,  also,  particularly 
among  slaty  beds,  a  thin  film  of  quartz  is  interposed  between 
some  of  these  crystalliform  bodies,  showing  that,  in  the  arrange- 
ment of  the  particles  of  the  rock  to  produce  them,  there  has  been  a 
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cpTtmn  diminution  of  bulk  permitting  interstices  between  which 
siliceous  matter  has  been  subsequently  infiltrated. 

This  subdivision  of  rocks  into  small  crystalliform  bodies  is  not 
confined  to  the  sandstones  and  slates  of  the  grauwacke  and  car- 
bonaceous rocks  of  the  district ;  it  is  observable^  though,  rarely, 
among  the  trap  rocks,  among  the  best  instances  of  which  we  may 
notice  the  greenstone  near  Toppleundy  Hole^  a  cavern  on  the 
coast  near  Padstow,  between  Trefan  Head  and  Carnweather 
Pnnt.  The  fine-grained  granite  also  of  Castle-an-Dinas>  near  St. 
Columb  Major^  is  thus  subdivided  where  it  occurs  in  laminae  of 
an  inch  or  two  thick  in  the  old  encampment. 

When  we  regard  the  prevalence  of  the  great  divisional  planes 
in  particular  directions  crossed  by  others  nearly  at  right  angles 
to  tbem,  producing  solids  to  a  certain  extent  symmetrical,  and 
eoDfflder  the  mineral  modifications  which  the  sedimentary  beds 
have  generally  undergone  since  they  were  deposited,  we  are  led  to 
suspect  not  only  that  the  lamination  planes,  commonly  termed 
cleavage^  are,  as  has  been  supposed  by  some  authors,  due  to 
polar  fcrces,  but  also  that  the  great  divisional  planes  have  been 
equally  caused  by  them,  as  has  been  considered  probable  by 
others.* 

Although  the  direction  of  the  present  magnetic  meridian  in  the 
district  may  be  merely  temporary,  and  the  approximation  of  so 
many  great  divisional  planes  to  it  therefore  accidental,  still  their 
peat  prevalence,  both  in  the  igneous  rocks  and  sedimentary 
deposits,  in  that  direction,  leads  us  to  suppose  that  polar  forces 
may  have  considerably  governed  the  arrangement  of  the  com- 
ponent matter  of  the  rocks  they  traverse  during  consolidation, 
either  from  the  cooling  of  the  former,  or  the  chemical  changes 
which  have  taken  place  in  the  latter.  If  we  imagine  a  constant 
tendency  of  such  polar  forces  to  arrange  the  component  matter  of 
rocks  during  consolidation  in  given  areas,  we  can  the  more  readily 
account  for  the  frequency  of  nearly  similar  directions  in  the  great 
dif  isienal  planes  of  rocks  of  different  ages  in  them,  some  of  which 

*  Dr.  Bosse  remarki  upon  this  subject,  that  in  rocks,  as  in  crystals,  the  integrant 
pirticles  are  combined  and  arranged  into  forms  more  or  less  geometrical,  and  that,  if 
the  rocks  do  not  exhibit  such  symmetrical  figures  as  perfect  crystals,  it  may  be  ac- 
ceuated  Sag  by  their  more  complicated  composition;  **  so  that  their  forms  are  not  the 
nnip^  result  of  the  aggregation  of  similar  particles,  but  the  balance  of  difierent 
povns,  each  tending  to  produce  a  different  form.**  (Treatise  on  Primary  Geology, 
F.2H) 
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have  clearly  been  ooDsolidated  before  the  others  were  formed, 
inasmuch  as  we  find  solid  portions  of  them  forming  either  rocks  of 
intermediate  age,  or  component  parts  of  the  beds  thus  divided  by 
planes  having  similar  or  nearly  similar  directions.  Thus,  instead 
of  supposing  that  these  great  divisional  planes  were  formed  only 
at  one  time,  we  have  merely  to  consider  that,  during  the  various 
periods  when  rocks  were  consolidating,  the  matter  composing  them 
was  brought  within  the  influence  of  forces  tending  to  divide  the 
masses  in  directions  which  deviated  slightly  from  each  other, 
when  viewed  on  the  large  scale,  though  many  minor  modifications 
may  have  been  produced  by  the  conditions  existing  during  the 
consolidation  of  each  rock.  How  far  such  polar  forces  may  be 
due  to  electricity,  it  may  be  difficult  to  say  in  the  present  state 
of  our  knowledge ;  but  if  we  suppose,  with  M .  .Aonpere,  that 
electrical  currents  exist  in  the  crust  of  the  globe  traversing  it  from 
east  to  west,  and  producing  terrestrial  magnetism,  we  can  readily 
conceive  that  they  may  be  intimately  connected  with  it* 

*  The  ezperiments  of  Mr.  Robert  Were  Fox,  in  which  he  produced  laminifction  in 
clay  by  means  of  long-continued  voltaic  action,  the  planes  of  the  lamina  being  formed 
at  right  angles  to  the  electric  forces,  possess  great  interest  from  their  bearing  upon 
great  divbional  and  lamination  planes  in  rocks.  He  coniiderfl  that  the  general 
laminated  structure  of  the  clay  in  these  experiments  appeared  to  indicate  that  a 
■eries  of  voltaic  poles  were  produced  throughout  the  clay,  the  symmetrical  arrange- 
ment of  which  had  a  corresponding  efitict  on  the  structure  of  the  clay,  and  that 
this  view  was  confirmed  by  the  occurrence,  in  several  instances,  of  veins,  or  rather 
lamina  of  oxide  of  iron,  or  oxide  of  copper,  according  to  the  manner  in  whidi  the 
experiments  were  conducted. 

Mr.  Fox  points  out  the  bearing  of  these  experiments  upon  the  cleavage  or  lami- 
nation planes  of  rocks,  and  '<  considers  the  prevailing  directions  of  the  electrical  foices, 
depending  often  on  local  causes,  to  have  determined  that  of  cleavage,  and  the  aoore 
or  less  heterogeneous  nature  of  the  rock  to  have  modified  the  extent  of  their  influ- 
ence.'*—Report  of  the  Polytechnic  Society  of  Cornwall  for  1837,  pp.  20—21,  and 
08—69. 
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CHAPTER  X. 

MINERAL  VEINS  AND  FAULTS. 

When  we  regard  the  Ordnance  geological  maps  of  the  district 
with  reference  to  the  ores  of  the  useful  metals  discovered  within 
the  area  represented  by  them,  we  readily  perceive  that  the  chief 
metaniferoua  country  occurs  from  Dartmoor  on  the  east  to  the 
Land's  End  on  the  west,  such  ores  being  sparingly  scattered  over 
other  parts  of  the  district  under  consideration.  It  will  also  be 
perceived  that,  with  the  exception  of  iron  ore  in  the  red  sandstone 
series,  seldom  of  any  value,  excepting  near  Porlock^  Somerset- 
shire, of  manganese  at  Upton  Pyne^  and  other  places  on  the  same 
lode  or  mineral  vein  in  the  red  sandstone  series  near  Exeter,  and 
of  carbonate  of  zinc  (calamine)  in  the  carboniferous  limestone 
near  Weston-super-Mare,  the  ores  of  the  useful  metals  in  Corn- 
wall^ Devon,  and  West  Somerset,  are  either  in  the  carbonaceous 
series,  in  grauwacke  with  its  associated  greenstone,  serpentine, 
and  other  igneous  rocks,  or  in  granite  or  elvan. 

It  will  be  next  observed  that  the  various  veins  containing  these 
ores  are  not  distributed  equally  over  the  chief  metalliferous  country 
above  noticed,  but  are,  in  a  great  measure,  arranged  in  groups  in 
still  minor  districts.  Thus  we  have  the  metalliferous  district  of 
Tavistock  (including  therein  Dartmoor,  and  the  mining  country  of 
Callington  and  Linkinghome),  that  of  St.  Austell  (including  therein 
the  granitic  mass  of  Hensbarrow  and  its  grauwacke  skirts),  the 
metalliferous  district  of  St.  Agnes;  that  ofGwennap,  Redruth, 
and  Camborne ;  that  of  Breague,  Marazion,  and  Gwinear,  and 
(he  mining  district  of  St.  Just  and  St.  Ives  (comprising  the  mineral 
veins  in  the  granitic  country  between  the  two  latter  places). 
Tliere  are  no  doubt  many  mineral  veins  not  included  in  these 
gronps,  but  the  occurrence  of  those  which  have  afforded  large 
quantities  of  the  useiul  metals  in  groups  is  a  somewhat  marked 
feature  in  the  geological  structure  of  the  country. 

The  chief  metalliferous  country,  taken  as  a  whole,  may  there- 
fore be  conveniently  subdivided  into  six  minor  districts.  Dart- 
Boor,  considered  as  a  portion  of  the  Tavistock  division,  is  stanni- 
ferous; the  mines  around  the  town  of  Tavistock  are  principally 
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cupriferous ;  on  the  north  are  the  lead  lodes  of  Wheal  Betsey  and 
Lid  ford,  and  on  the  south  the  argentiferous  lead-mines  of  Beer 
Alston.  On  the  north  also  are  numerous  manganese  mines,  and 
manganese  has  been  obtained  near  Calstock  on  the  south,  and 
near  Linkinghorn  on  the  east.  The  neighbourhood  of  Callingtoa 
is  both  stanniferous  and  cupriferous,  and  as  true  silver-lodes  are 
found  in  it^  it  may  also  be  termed  argentiferous.  The  Tavistock 
district,  therefore^  viewed  as  a  whole,  is  of  a  mixed  metalliferous 
character,  its  component  parts  being  somewhat  marked. 

The  St.  Austell  district  is  principally  stanniferous,  the  copper- 
lodes  being  chiefly  confined  to  its  south-eastern  side,  including 
the  present  very  productive  mine  of  Fowey  Consols^  and  the 
Crinnis  lodes>  from  which  much  valuable  copper  ore  has  been  ex- 
tracted. The  St.  Agnes  district  is  for  the  most  part  stanniferous^ 
particularly  near  the  town  and  Beacon,  the  principal  exception 
being  the  Great  St.  George  and  Wheal  Leisure  mines  near  Piran 
Forth  to  the  eastward^  and  Wheal  Towan  and  some  other  mines 
on  the  south-west. 

The  great  mining  district  of  Gwennap^  Bedruth,  and  Cam- 
borne, is  chiefly  cupriferous,  tin  ore  being  comparatively  rare, 
except  near  the  latter  place.  Silver  ores  were  once  raised  ia 
sufficient  quantities  in  Dolcoath  mine  to  be  profitable^  and  cobalt 
at  Wheal  Sparnon,  near  Redruth.  The  Breague,  Marazion^  and 
Gwinnear  district,  is  of  a  mixed  stanniferous  and  cupriferous  cha- 
racter,* the  Gwinnear  subdivision  being  argentiferous  as  far  as 
regards  Wheal  Herland,  from  which  mine  muriate  of  silver  and 
other  silver  ores  were  obtained  in  profitable  quantities.  The  St. 
Just  and  St.  Ives  district  is  principally  stanniferous. 

Independently  of  the  principal  groups  above  noticed^  lead  occurs 
on  the  north  of  Truro,  at  Garras ;  and  at  Wheal  Rose,  near  New- 
lyn,  considerable  quantities  of  the  same  ore  have  been  obtained. 
In  the  latter  vicinity  there  are  also  other  lead-mines,  as  well  as 
in  the  country  extending  thence  towards  Penhale  Point  and  New 
Quay.  Lead-mines  have  also  been  worked  at  St.  Merryn^  St. 
Issey,  Pentire  (north  of  St.  Minver),  and  near  St.  Teath-  Anti- 
mony is  found  at  St.  Merryn,  Endellion,  and  between  the  latter 
place  and  St.  Teath,  on  the  north,  and  near  Mevagissy,  and  be* 
tween  St.  Germains  and  Landrake,  on  the  south. 

*  The  Breague  tubdiYision  is  also  to  a  certain  extent  plombiferous,  as  lead  ia 
obtained  near  Porthlieven  and  Penrose. 
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Quitting  the  principal  metalliferous  country,  and  following  the 
skirts  of  Dartmoor  round  by  Okehampton  and  Ashburton  to  the 
neighbourhood  of  Plymouth,  a  few  lodes  ♦  are  discovered,  princi- 
pally of  copper,  and  of  comparatively  little  value,  at  least  as  far 
as  researches  have  been  yet  made  among  them,  with  the  excep* 
tion  of  that  at  Bottle  Hill  Mine,  near  Hemerdon  Ball,  from 
which  both  tin  and  copper  have  been  raised  in  fair  quantities* 
The  other  localities  will  be  best  seen  by  reference  to  the  maps. 
Valuable  manganese  mines  have  been  worked  on  the  east  of 
Dartmoor,  at  Doddiscombleigh  and  Ashton,  and  fine  iron  ore  is 
found  near  Ilsington.  In  the  stripe  of  the  carbonaceous  series  which 
runs  to  the  north  of  Exeter,  lead  ore  has  been  raised  near  Newton 
St.  CjTeiy  and  the  valuable  manganese  lode  running  near  the 
latter  place,  Upton  Pyne»  and  Huxham,  has  already  been  no* 
ticed. 

Proceeding  to  the  north  of  Devon  the  country  is  non-metalli- 
ferous, with  the  exception  of  some  clay-iron  ore,  mixed  with  the 
anthracite  of  Bideford,  and  its  continuation  to  the  eastward,  until 
we  reach  the  range  of  land  beyond  Barnstaple,  where  manganese 
is  found  at  West  Down  and  a  few  other  places,  the.  returns  from 
which,  however,  are  generally  unimportantf  At  Combe  Martin 
large  quantities  of  argentiferous  lead  have  at  various  times  been 
raised,  and  from  these  mines  much  silver  was  at  one  time  ex- 
tracted.J  Iron  ore  is  also  obtained  in  the  same  vicinity.  Copper 
ore  has  been  sparingly  found  in  the  country  on  the  south  of  Mine- 
head,  and  in  the  Quantock  Hills  and  its  vicinity ;  in  quantities, 
however,  that  would  be  scarcely  noticed  in  the  mining  districts 
of  Cornwall  and  Devon-  Proceeding  still  further  to  the  north- 
east extremity  of  the  area  to  be  noticed  in  this  report,  the  car- 
faonafe  of  zinc  is  seen  to  occur  in  the  carboniferous  limestone  of 
Wwie  Hill,  near  Weston-super-Mare,  and  of  Bleadon  Hill,  near 
Bleadon,  a  part  of  the  Mendip  range  from  which  much  calamine 
bas  at  different  times  been  raised. 

If  we  now  regard  the  maps  with  reference  to  any  connexion 
which  may  exist  between  the  geological  structure  of  the  area  re- 
presented and  the  abundance  or  scarcity  of  the  usefiil   metals 

*  Lode  is  a  term  employed  in  Coniwall  and  Devon  for  a  mineral  vein, 
f  Mr.  Bobert  Were  Fox  informs  ub  that,  in  a  ferruginous  lode  in  the  neighbour- 
l^owi  of  Koith  Tawton,  gold  wfts  found  in  small  quantities. 
I  Theie  lodes  also  contain  bi-snlpharet  of  copper. 
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found  in  such  area«  we  shall  soon  perceive  that  granite,  or  its  ibo- 
dification,  elvan,  occurs  near,  or  at,  all  the  localities  where  tin 
and  copper  ores  so  abound  as  to  be  worked  and  produce  good 
mines,  while  lead,  antimony,  manganese,  iron,  and  zinc,  are  dis- 
covered in  suflScient  quantities  to  be  profitably  raised  at  a  distance 
from  granite  or  elvan.  Hence  we  might  infer  that  the  presence 
of  granite  or  elvan  has  had  considerable  influence  in  promoting 
the  presence  of  tin  or  copper  ores  which  either  occur  in  them  or 
in  other  rocks  in  their  vicinity,  while  the  granitic  influence,  if  we 
may  use  the  expression,  was  not  essential  to  the  accumfulation  of 
the  ores  of  lead,  antimony,  manganese,  zinc,  or  iron,  in  bunches 
or  veins,  as  the  case  may  be,  in  quantities  to  be  profitably  worked. 
So  far  from  the  ores  of  lead  appearing  abundantly  in  granite 
elvan,  or  in  the  schistose  rocks  contiguous  to  them,  the  oocunvDce 
of  such  ores,  in  quantities  sufficient  to  repay  the  miner  for  his 
labours,  is  very  rarely  under  such  conditions  in  Cornwall  and 
Devon,  being  on  the  contrary  generally  removed  from  them.  As 
far  as  the  two  counties  above  mentioned  are  concerned,  the  condi- 
tions favourable  for  tin  and  copper  ores  seem  unfavourable  to 
those  of  lead. 

The  antimony  ores  appear  chiefly  to  be  obtained  in  bit  abun- 
dance in  those  portions  of  the  grauwacke  of  the  district  which  are 
much  associated  with  trappean  rocks,  as  for  instance,  near  En- 
dellyon  and  Port  Isaac,  on  the  north  of  Cornwall,  and  near  St. 
Grermains,  on  the  south-east.  The  manganese  ores  are  also  mueh 
associated  with  the  same  rocks,  occurring  very  abundantly  in  the 
mixture  of  them  with  the  carbonaceous  series  and  grauwacke 
which  extends  from  the  neighbourhood  of  Laneast  Down,  near 
Launceston,  towards  Bridestow,  curving  southward  between  those 
places  by  North  Hill  and  Linkinghom  towards  Tavistock.  In 
this  minor  area  the  oxides  of  manganese  frequently  occur  in 
bunches,  the  best  bunches  being,  for  the  most  part,  those  which 
are  contiguous  to  the  trappean  rocks.  The  rich  bunches  of  man- 
ganese which  are  found  at  Doddiscombleigh  and  Ashton,  on  the 
west  of  Dartmoor,  occur  under  similar  conditions.  The  mangai- 
nese  ores  of  North  Devon  are,  however,  unassociated  with  tx«tp« 
pean  rocks,  so  also  are  some  manganese  ores  in  the  St.  Austell 
mining  district,  and  the  valuable  lode  of  Upton  Pyne,  with  its 
continuation  on  the  east  and  west,  is  without  visible  trappe^ain 
rocks  of  importance  near  it. 
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Hie  sulphuret  of  zinc  (the  Black  Jack  of  the  Cornish  miners) 
occucB  very  abundantly  in  the  mineral  veins  of  Cornwall,  being, 
however,  more  frequently  associated  with  the  ores  of  copper  than 
with  those  of  tin.  The  conditions  favourable  to  the  production 
of  tin  and  copper  lodes  have  been  favourable  also  to  the  appear- 
ance of  sulphuret  of  zinc  (blende),  the  latter,  however,  frequently 
occurring  in  the  continuation  of  tin  or  copper  lodes  far  beyond 
thoee  localities  where  the  tin  or  copper  can  be  profitably  raised. 
Viewed  on  the  large  scale,  blende  is  one  of  the  most  widely  dis- 
tributed ores  in  Cornwall.  The  carbonate  of  zinc,  or  calamine, 
is  a  very  rare  ore  in  Cornwall  or  Devon,  so  much  so  that,  consi- 
dered as  one  which  could,  under  favourable  conditions,  as  regards 
demand,  be  profitably  raised,  it  is  confined  to  the  carboniferous 
limestone  in  the  north-east  corner  of  the  district  under  const^ 
deration. 

It  has  been  above  stated  that  lead  does  not  occur  in  quantities 
sufficient  to  repay  the  labours  of  the  miner  in  those  localities  in 
Cornwall  and  Devon  where  tin  and  copper  can  be  profitably 
raised.  As  a  connexion  has  often  been  observed  in  various  parts 
of  the  world  between  sulphuret  of  lead  and  calcareous  rocks,  it 
may  be  proper  to  observe  that  the  argentiferous  lead-lodes  of 
Combe  Martin  occur  in  beds  immediately  beneath  the  slates  in 
whidi  limestones  are  found  at  the  same  place,  that  the  celebrated 
argentifi^rous  lead-lodes  of  Beer  Alston  cut  through  slates  which 
are  in  part  (those  of  Cotele)  calcareous,  and  that  the  continuation 
of  the  South  Petherwin  calciferous  series  is  plombiferous  near  St 
Teath,  at  Pentire  (near  Padstow),  at  St.  Issey,  St.  Merryn,  and 
New  Quay ;  in  several  other  localities,  however,  as  will  readily  be 
obeerved,  the  lead  ores  do  not  occur  in  calciferous  rocks. 

From  our  knowledge  of  the  occurrence  of  iron  under  very 
various  geological  conditions,  we  should  not  expect  to  find  its 
oseAil  ores  limited  to  any  one  in  the  area  under  consideration,  and 
accordingly  we  perceive  that  the  conditions  under  which  it  is  found 
vary  considerably.  Red  haematite  iron  occurs  as  part  of  a 
medumical  rock,  the  new  red  sandstone,  mixed  with  sandstone 
and  eoDglomerate,  and  is  worked  at  open  day  at  a  quarry  near 
WottoQ  Courtney,  and  at  Luckham,  and  Porlock  (Somerset). 
This  iron  has  been,  and  I  believe  still  is,  extensively  shipped  at 
Mioebead  fi^r  the  Welsh  iron-works.  It  constitutes  nearly  the 
lowest  beds  of  the  new  red  sandstone  of  that  part  of  the  country. 
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and  it  should  be  noticed  that  the  grauwacke  on  which  this  rock 
rests  contains  veins  of  brown  haematite  iron  near  Porlock^  so  that 
the  red  haematite  in  the  new  red  sandstone  may  in  a  great  measure 
have  been  derived  from  the  haematite  in  the  grauwacke  beneath, 
llie  most  marked  occurrence  of  iron  in  Cornwall  and  Devon  is  in 
lodes  as  brown  haematite,  often  rich  and  of  excellent  quality. 
It  is  thus  found  at  Combe  Martin,  in  North  Devon,  at  Ilsington, 
on  the  east  of  Dartmoor.  In  Cornwall  it  occurs  in  the  same 
manner  near  Lostwithiel,  Bodmin,  St.  Stephen's,  Ladodc,  and 
Cubert,  and  in  the  St.  Just  mining-district,  chiefly  in  grauwacke. 
A  lode  of  magnetic  iron  ore  occurs  at  Lower  TrelusweU,  near 
Penryn,  crossing  trap  rocks  associated  with  the  same  series. 

Cobalt  is  a  rare  ore  in  the  district  under  consideration,  and 
does  not  seem  to  be  accompanied  by  any  marked  geological  con- 
ditions, as  far  as  regards  its  occurrence  in  any  particular  class  or 
kind  of  rock.  Nickel  is  still  more  rare,  and  has  only  been 
detected  in  any  profitable  quantity  near  St.  AusteU.  Bismuth  is 
not  a  common  metal,  and  does  not  seem  confined  to  any  particular 
rock  or  combination  of  rocks. 

The  silver  of  Devon  and  Cornwall  has  for  the  most  part  been 
obtained  from  argentiferous  galena,  of  which  the  general  mode  of 
occurrence  has  been  already  noticed.     Silver  ores  proper  have 
also  been  obtained  in  several  mines  in  Cornwall,  and  hitherto 
in  lodes  or  cross  courses  in  the  grauwacke.     The  ores  so  found 
have  been  chiefly  native  silver,  sulphuret  of  silver,  arsenical  silver, 
and  black  oxide  of  silver ;  and,  judging  firom  the  localities  where 
they  have  been  detected,  those  lodes  or  cross  courses  where  the  sc\ns- 
tose  rocks  are  near  granite  or  elvan  have  been  the  most  productive. 
Thus  in  Herland  mine,  near  Gwinnear,  where  elvans  traverse  ihe 
grauwacke,  silver  ores  to  the  value  of  8000/.  were  raised.*    At 
Dolcoath  mine,  which  is  partly  in  granite  and  traversed  by  elvan 
courses,  silver  ores  to  the  amount  of  about  2,000/.  were  obtained. 
Mr.  Came  states  that  at  Wheal  Duchy,  near  Callington,  which 
is  near  granite,  and  at  the  ten-fathom  level,  a  course  of  silver  ores 
accompanied  by  native  silver  occurred  for  three  fathoms  in  length. 
yielding  about  200/.  per  fathom,  f     The  value  of  the  silver  at  one 
time  raised  was  about  3,000/.,  and  the   mine  has  lately  been 

♦  Came,  Tkuib.  Geological  Society  of  Cornwall,  vol.  i,  p.  122. 
t  ib.  p.  123. 
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worked^  and  more  silver  ores  have  been  obtained^  but  of  what 
falue  we  have  .not  learned. 

Although  gold  has  not  been  obtained  in  veins^  except  in  one 
case  near  North  Tawton^  Devon,*  there  is  good  evidence  in  the 
rolled  pieces  found  in  the  tin  stream- works  in  Cornwall  that  it  has 
oceurred  in  strings,  branches,  or  lodes,  in  the  rocks  of  ihe  district. 
Judging  from  the  stream-works,  the  gold  has  often  been  brought 
down  trotn  granite,  as  for  instance  in  the  St.  Just  mining  district. 
The  gold  occurs  in  such  a  manner  with  the  stream  tin  near  Ladock 
u  to  give  rise  to  the  supposition  that  a  lode  from  whence  such 
gold  has  been  derived  crosses  the  river  in  the  grauwacke  not  far 
from  that  place;  for,  though  grains  of  this  metal  have  been  detected 
on  ihe  south  of  that  line  down  the  course  of  the  river,  they  have 
not  been  found  above  it.  Some  of  the  largest  pieces  of  native  gold 
have*  we  believe,  been  obtained  from  the  Camon  stream- works. 

If  we  now  turn  our  attention  from  the  general  geological  conditions 
under  which  the  ores  of  the  useful  metals  are  found  in  Cornwall, 
Devon,  and  Western  Somerset,  and  direct  it  to  the  lines  repre- 
senting mineral  veins,  as  also  to  those  which  in  the  mining  dis- 
tricts are  termed  cross  courses,  cross  lodes,  or  iron  leaders,  according 
to  di&rent  localities,  it  will  readily  be  perceived,  that,  notwith- 
standing minor  variations,  marked  and  distinct  directions  are 
apparent.  If  the  eye  be  carried  to  other  parts  of  the  maps,  at  a 
distance  from  the  mining  districts,  it  will  also  be  seen  that  some  of 
tbe  directions  above  noticed  are  also  common  to  the  lines  of  dis- 
location, termed  faults,  there  observable. 

CommenciDg  with  the  faults  on  the  north-east  of  the  area 
under  consideration,  a  north  and  south  line  of  dislocation  occurs 
at  Uphill,  on  the  south  of  Weston-super-Mare,  by  which  magne- 
stan  limestone,  new  red  sandstone,  and  lias,  on  the  east,  are 
brought  suddenly  into  vertical  contact  with  carboniferous  lime- 
stone on  the  west,  and  the  amount  of  dislocation  must  be  consider- 
able. Alluvial  land  intervenes  between  this  fault  and  Worle  Hill  on 
the  north,  concealing  the  rocks  beneath  it ;  but  a  fault  seems  to 
traverse  the  latter  hill  nearly  in  a  line  with  that  at  Uphill,  judging 
at  least  from  a  dislocation  observable  in  the  cliff  on  its  north  side. 
On  the  south  the  great  alluvial  tract  of  the  Bridgewater  levels 
» the  continuation  of  the  Uphill  fault  in  that  direction. 

•  Mr.  Robert  Were  Fox,  MS. 
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On  the  south-east,  great  leading  fcults,  having  general  nortk 
and  south  directions,  though  somewhat  bent  in  their  courses*  tra- 
verse the  eastern  ride  of  the  Blackdown  Hills  and  their  geological 
continuation  towards  the  south.  The  most  marked  of  these  is 
that  which  cuts  through  Combe  Beacon,  near  Combe  St  NicholM 
where  chalk  is  brought  into  vertical  contact  with  green  sand  in 
such  a  manner  that  the  eastern  half  of  the  beacon  is  composed  of 
one  rock,  and  the  western  half  of  another,  as  represented  in  fig-  34- 
Fig.34.  Fig.  35. 

_-L___  Wambroek. 


a,  thalk ;  6,  green  sand ;  e,  lias ;  aud/,  fjiultt. 


In  its  continuation  to  the  southward  this  fault  passes  down  the 
Wambrook  valley,  showing  (the  valley  being  one  of  denudation 
on  the  back  of  the  feult)  the  lias  brought  into  vertical  contact  with 
the  green  sand  at  Wambrook  (fig.  35).     The  amount  of  vertical 
dislocation,  independently  of  any  lateral  movement,  must  be  more 
than  200  feet.     Proceeding  southward,  this  fault  passes  through 
the  hill  to  the  eastward  of  Axminster  and  down  the  Charmouth 
valley  to  the  sea,  letting  down  the  green  sand  at  Hawkchurch  to 
a  lower  level  than  it  would  otherwise  occupy.     From  the  natura 
of  the  ground  this  fault  is  not  easily  traced  to  the  northward,  but 
there  can  be  little  doubt  that  it  passes  through  the  lias  in  that 
direction,  and  probably  the  manner  in  which  the  lias  and  red 
sandstone  series  occur  on  the  north-west  of  Hatch  Beauchamp 
is  connected  with  its  continuation  there.     The  north  and  south 
fault  by  which  the  green  sand  at  Chard  is  let  down,  probably 
falls  into  the  fault  above  mentioned  nearly  where  it  traverses  the 
Axe  river. 

It  will  be  seen  that  other  faults,  ha\dng  a  general  north  and 
south  bearing,  occur  in  the  same  district,  one,  the  Membury  fault, 
bringing  the  green  sand  into  vertical  contact  with  the  lias  in  such 
a  manner  that  the  chalk  is  almost  on  a  level  with  the  latter,  the 
dislocation  being  about  300  feet,  measured  vertically.  The  Mem- 
bury  fault  seems  a  branch  of  that  which  runs  up  the  valley  of  the 
Vart.     If  the  line  of  the  Yart  fault  be  prolonged  southward,  it 
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would  run  into  the  fault  at  Pinhay  Bay,  near  Lyme  Regis.*  Of 
this,  however,  we  have  no  good  proof,  the  covering  of  chalk  flints 
and  fragments  of  green-sand  chert  on  the  high  ground  between 
Pinhay  Bay  and  the  valley  of  the  Axe  concealing  all  the  minor 
detail  essential  to  such  proof.  Another  important  fault  passes 
northward  up  the  Dalwood  Valley,  and  can  be  seen  to  split  into 
several  brandies  on  the  road  which  travierses  the  valley  between 
StocUand  Hill  and  Rower  Common,  rising  to  Wyteh. 

At  Widworthy  there  is  a  north  and  soutl^  fault  which  brings 
chalk  vertically  against  green  sand,  so  that  the  former  constitutes 
the  fewer  part  of  a  hill  of  which  the  latter  forms  the  top  (fig.  36). 

Fig.  36. 

c, chalk;  h  5,  green  sand  ;  e  6,  red  Bandstone  and  marl ;  and  /,  faalt. 

There  are,  no  doubt,  numerous  minor  faults  with  other  directions, 
but  these  great  north  and  south  lines  of  dislocation  are  so  marked 
that  they  cannot  be  overlooked,  and  we  perceive  that  such  main 
novih  and  south  lines  can  be  observed  between  the  coast  of  the 
Bristol  Channel,  near  Weston-super-Mare,  and  the  shores  of  the 
English  Channel,  near  Lyme  Regis  and  Axemouth. 

If  we  now  return  to  the  coast  of  the  Bristol  Channel  and  the  ad- 
jacent country,  we  find  numerous  lines  of  dislocation  near  Watchet 
and  Bridgewater.  These  for  the  most  part  have  an  east  and  west 
direction,  and  are  consequently  at  right  angles  to  those  above 
noticed.  Some  of  these  faults  bring  in  alternate  lines  of  lias  and 
red  sandstone  near  Knighton,  on  the  north  of  Stokecourcy  (fig.  37), 
and  throw  up  patches  of  grauwacke  in  the  vicinity  of  Cannington 
and  CharUnch,  which  would  be  otherwise  concealed  beneath  the 
general  level  of  the  red  sandstone  series  of  the  district  (fig.  38).  On 


a     f       h       f        a         f        a       f      a      f 

*-  See  GeoU  Trani.  vol.  i.,  2nd  secieii. 
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Fig.  38. 


a,  lias  ;  b,  red  sandstone  ;  e,  grauwacke ;  e,  allaYial  beds ;  //,  faults. 

the  coasts  from  the  vicinity  of  Watchet  to  that  of  Little  Stoke,  these 
faults  will  be  seen  to  have  been  accompanied  by  much  contortion, 
80  that  the  various  beds  are  thrown  into  every  variety  of  posifioD, 
affording,  on  the  small  scale,  very  beautiful  illustrations  of  those 
greater  disturbances  on  the  surface  of  the  earth  to  which  many  of 
the  higher  ranges  of  mountains,  such  as  the  Alps,  Himalaya,  &c.> 
are  due.  It  is  necessary,  in  order  to  see  the  faults  and  contortions 
of  this  coast  in  perfection,  to  be  on  the  latter  at  low  water,  when 
the  fractures  and  flexures  are  well  exposed. 

Quitting  the  coast  of  the  Bristol  Channel,  we  find  marked  lines 
of  east  and  west  dislocations  on  the  south  and  south-west.  A  consi- 
derable east  and  west  fault  traverses  the  south-west  termination 
of  the  Quantock  Hills,  passing  through  Hestercombe,  and  by  West 
Mdnkton  into  the  country  concealed  by  the  great  alluvial  deposit 
of  the  Bridgewater  levels.  Where  this  dislocation  cuts  through 
the  turnpike-road  between  Taunton  and  Bridgewater,  near  Ads- 
boro  Hill,  the  fault  is  well  seen.  An  east  and  west  &ult  is  found 
in  the  direction  of  that  of  West  Monkton,  on  the  north  of  Wivelis- 
eombe.  It  is  difficult  to  prove  that  the  latter  is  a  continuation  of 
the  same  fracture  which  passes  through  Hestercombe,  as  the  natui^ 
of  the  country  is  such,  both  as  regards  the  want  of  natural  or  arti- 
ficial sections,  and  the  difiiculty  of  tracing  faults  through  rocks 
which  possess  the  same  structure  for  considerable  depths  so  great 
(similar  mineral  substances  only  being  thus  brought  into  con- 
tact), that  we  could  not  satisfactorily  determine  this  point  At 
the  fault  on  the  north  of  Wiveliscombe,  grauwacke  is  brought  into 
vertical  contact  with  red  sandstone^  and  magnesian  conglomerate 
(fig.  39).     There  can  be  little  doubt  that  this  dislocation  passes 

Fig.  39. 

TlpnoUer  Quarry. 


/ 

a,  magnesian  cooglomerate ;  b,  r«d  sandstone ;  c,  grauwacke;  and/,  &uU. 
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westward  in  the  direction  of  Huish  Champflower;  but  similar 
slates  of  the  grauwacke  series  being  alone  brought  into  vertical 
contact  with  each  other,  it  cannot  be  satisfactorily  traced. 

For  this  reason,  though  dislocations  can  be  often  observed  in 
the  river  courses  of  North  Devon  and  the  adjacent  part  of  Somer- 
set^ formed  in  grauwacke,  and  faults  can  be  frequently  seen  in 
artificial  sections,  they  cannot  be  satisfactorily  followed,  though 
the  general  evidence  produces  on  the  mind  of  the  observer  a 
strong  conviction  that  two  main  lines  of  dislocation  prevail,  the  one 
having  a  general  tendency,  notwithstanding  minor  variations,  to 
the  east  and  west,  the  other  north  and  south.  The  coast  necessa* 
rily  presents  the  best  evidence  on  this  head,  and,  accordingly,  we 
perceive  that  the  country  bounded  by  it  is  much  broken  by  faults. 
Sxich  being  the  case,  we  may  fairly  infer  that  the  interior  is  not 
less  dislocated ;  and  wherever  sections  are  favourable  we  see  that 
such  is  the  case.  Many  of  these  coast  sections  are  highly  inte- 
resting when  viewed  with  reference  to  the  dislocations  which  in 
Cornwall  contain  the  ores  of  the  useful  metals,  and  are  hence  more 
especially  denominated  mineral  veins.  At  low  water  the  feults 
may  be  seen  not  only  cutting  the  cliffs  vertically,  but  also  hori- 
xontally  exposed  among  the  ledges  of  rocks  which  on  some  coasts 
extend  outwards  sufficient  distances  to  exhibit  the  lines  of  faults 
in  considerable  detail.  The  horizontal  exposure  of  the  range 
of  a  north  and  south  fault  under  the  cliffs  at  Cornborough,  near 
Bideford^  may  be  selected  as  showing  the  evidence  to  be  thus 
obtaiiied. 


fi^  /  ;  iWHiWl    I  TiiHW^  ^<^ 


The  rocks  represented  (fig.  40)  form  part  of  the  carbonaceous 
series,  and  are  fossiliferous,  usually  containing  the  remains  of 
plants :  a,  being  argillaceous  shales,  and  6,  compact  siliceous  sand- 
stones associated  with  them;  the  dip  of  the  various  beds  being,  in 
the  portion  of  coast  represented,  to  the  southward  at  a  high  angle. 
These  beds  are  traversed  by  the  dislocation,  //,  which  destroys 
the  continuity  of  the  rocks,  so  that  the  hard  sandstones,  b  b,  are 
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made  to  abut  vertically  against  the  shales,  the  greatest  amount  of 
horizontal  heave  so  produced  in  the  section  being  about  one  hun- 
dred yards.  It  will  be  perceived  that  on  the  north  the  fault  is 
double,  from  a  division  in  the  dislocation.  Independently  of  this 
main  split  in  the  fracture,  smaller  cracks  (too  small  to  be  repre- 
sented in  the  figure),  leading  into  the  great  dislocation,  are 
numerous,  as  might  be  expected  in  a  fracture  of  rocks,  and  is  very 
commonly  seen.  As  is  well  understood,  considerable  horizontal 
movement  may  appear  to  have  taken  place  in  a  dislocation  when 
the  planes  of  strata  are  inclined,  and  the  movement  has  been 
merely  vertical ;  in  such  cases  the  amount  of  apparent  lateral  dis- 
location increasing  with  the  decrease  of  the  dip.  The  whole  of 
the  apparent  lateral  heave  of  the  beds  at  Cornborough  diSs  may, 
therefore,  be  due  to  vertical  dislocation.  As,  however,  the  dip  of 
the  strata  is  considerable,  and  beds  are  not  brought  into  contact 
in  such  a  manner  as  we  may  suppose  would  be  the  case  if  the 
movement  had  been  alone  vertical,  probably  a  movement  partly 
vertical,  partly  horizontal,  in  other  words  a  diagonal  motion,  will 
best  explain  the  facts  there  observable. 

The  valley  of  the  Exe  would  appear  to  run  upon  a  north  and 
south  fault  for  a  considerable  distance,  as  beds  which  ought  to  be 
continued  across  it  in  the  line  of  strike  are  found  to  have  been  heaved 
out  of  their  places.  The  boundary-line  between  the  carbonaceous 
series  and  the  grauwacke  of  North  Devon,  near  Brushford  (on 
the  south  of  Ehilverton),  is  heaved  more  than  half  a  mile  to  the 
southward,  on  the  left  bank  of  the  Exe,  near  Exe  Bridge ;  and  the 
junction-line  of  the  red  sandstone  and  carbonaceous  series  near 
Washfield,  on  the  north  of  Tiverton,  and  also  near  the  latter 
place,  is  thrown  nearly  half  a  mile  to  the  southward,  on  the  east 
side  of  the  river.  This  great  fault  would  appear  to  have  been 
principally  produced  by  a  vertical  rise  or  fall  of  the  parts  dislo- 
cated, for  the  amount  of  the  fault  generally  appears  less  in  pro- 
portion to  the  increased  dip  of  the  beds,  and  greater  as  their 
inclination  becomes  less. 

Proceeding  to  South  Devon,  we  find  marked  lines  of  east  and 
west  dislocation  on  the  northward  of  Exeter.  They  are  readily 
traced  at  Spray  Downs  and  Bere,  near  Kellerton  Park,  where 
the  carbonaceous  series  is  brought  into  vertical  contact  with  red 
sandstone.  The  great  fault,  bringing  the  red  sandstone  series  on 
the  north  into  vertical  oontact  with  the  carbonaceous  series  on 
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die  south,  which  can  readily  be  traced  ten  miles  from  Poltimore 
on  the  east,  to  Venny  Tedbom,  near  Posbury  Hill,  on  the  west, 
runs  east  and  west,  and  is  remarkable  as  having  parallel  to,  and 
not  &r  distant  from  it,  another,  but  minor  fault  in  the  red  sand- 
stone, from  which  so  much  valuable  manganese  has  been  obtained 
at  Huxfaam,  Upton  Pyne,  and  Newton  St.  Gyres,  the  latter  being 
pnobaUy  a  mere  split  irom  the  great  fault,  and  uniting  with  it  in 
depth. 

Fig.  41. 
Shatehays. 
V- Newton  SL  Cyras. 


/,  mat  I 
manganese-lode;  and /,  lead-lode. 

A  multitude  of  faults  are  found  on  the  coast  composed  of  the  red 
sandstone  series  in  south  Devon,  particularly  near  Dawlish.  Va- 
rious artificial  sections  in  the  interior  show  that  they  are  no  less 
abundant  there,  but  their  very  abundance  renders  them  difficult 
to  trace  with  accuracy,  as  it  is  only  when  red  sandstone  is  brought 
into  contact  with  some  other  rock  that  this  can  be  satisfactorily 
accomplished.  By  this  aid  we  find  an  east  and  west  line  of  fault 
running  on  the  north  side  of  the  Teignraouth  estuary,  by  which 
red  sandstone  dipping  north  is  brought  into  vertical  contact  with 
slates  and  grits  dipping  to  the  south.  Another  east  and  west  line 
of  fault  occurs  about  four  miles  to  the  south  of  the  latter,  near  St. 
Mary  Qiurch,  so  that  a  large  mass  of  red  sandstone  and  conglo- 
merate is,  as  it  were,  wedged  in  among  the  grauwacke  limestones 
and  slates.  This  fault  appears  to  pass  into  the  red  sandstone 
series  on  the  west  of  Yeadown,  and  there  becomes  difficult  to  trace. 
Several  faults  are  observable  at  Tor  Bay,  the  most  remarkable  of 
which  BffpQars  to  be  that  on  the  north-east  side  of  Tor  Abbey 
iands»  where  red  sandstone  is  brought  into  contact  with  the  lime- 
stone, the  former  being  much  turned  up  near  the  line  of  junction. 

Proceeding  round  the  coast  from  Tor  Bay  to  Plymouth,  we 
peroeiTe  that  it  is  very  much  broken  by  faults,  but,  as  rocks  of  a  si- 
milar nuneralogical  character  aro  for  the  most  part  brought  against 
each  othor,  the  amount  of  dislocation  is  not  easily  estimated  in 
such  cases;  neither,  as  small  portions  only  are  exposed  to  view, 
can  the  true  directions  of  the  faults  be  easily  determined;  for,  as  is 
well  known,  fi^ults  not  unfrequently  have  a  zigzag  direction  on 
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the  small  scale^  though  their  general  directions  are  well  marked, 
so  much  so,  that,  when  laid  down  on  the  scale  of  an  inch  to  a^ 
mile,  the  fault  has  the  appearance  of  a  straight  line,  the  sigzag 
deviations  from  that  line  being  then  often  inappreciable. 

In  the  vicinity  of  Tavistock  and  Callington  the  operations  of 
the  miner  have  shown  dislocations  in  two  main  directions,  one  set, 
viewing  the  subject  generaUy,  holding  an  eastern  and  weatera 
course,  varying  from  due  east  and  west,  to  west  25^  south  and 
east  25^  north,  the  other  crossing  it  nearly  at  angles.  It  will  be 
observed  that  these  are  directions  which  closely  approach  those 
previously  noticed.  Hitherto,  however,  we  have  had  no  good 
evidence  to  adduce  that  the  great  leading  lines  of  dislocation  rrere 
not  produced  contemporaneously,  or  that  one  set  was  formed 
subsequently  to  the  other.  In  the  Tavistock  and  Callington 
district  we  become  acquainted  with  a  fact  which  holds  true 
throughout  the  metalliferous  districts  of  Devon  and  Cornwall ; 
namely,  that  the  lines  of  dislocation  having  a  general  tendency 
north  and  south  have  been  produced  subsequently  to  those  which 
vary  from  west  30^  south,  and  west  30^  north,  to  east  30^  north,  and 
east  30^  south,     llie  proof  of  this  consists  not  only  in  seeing  that 

Fig.  42. 


the  line  of  dislocation  a  b  (fig.  42)  cuts  through  the  line  c  d!  in  such 
a  manner  that  the  continuity  of  c  (f  is  apparently  destroyed  at  e, 
but  also  in  the  fact  that  the  body  of  the  country  on  the  one  side 
is  seen  to  be  so  moved  as  not  to  coincide  exactly  with  the  mass  of 
country  on  the  other.  The  contents  of  the  fissure  c  d  are  also 
found  to  be  so  similar  where  its  continuity  is  destroyed  at  e»  with 
minor  modifications  due  to  causes  brought  into  action  subse- 
quently to  the  fracture,  that  no  reasonable  doubt  can  exist  of  the 
fissure  a  h  having  been  the  last  formed^  even  in  cases  where  the 
opposite  sides  of  the  pre-existing  fissure  are  nearly  in  a  line  with 
each  other. 

As  to  the  arrangement  of  the  lines  a  b  and  c  d,  so  that  there 
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should  be  &n  apparent  solution  of  th6  continuity  of  tlie  latter  at  e^ 
that  in  itself,  independently  of  other  evidence^  would  be  insuffi- 
cient to  prove  that  a  fissure,  a  by  was  formed  subsequently  to  an- 
other fissure,  e  d,  inasmuch  as  the  whole  country  may  have  been 
dislocated  at  one  time,  the  arrangement  of  the  lines  having  been 
solely  caused  by  die  fissures  having  been  opened  in  the  lines  of 
least  resistance;  and  there  would  appear  little  doubt  that 
numerous  apparent  heaves,  as  the  Cornish  miners  term  these  dislo- 
cations, are  nothing  more  than  contemporaneous  fractures  with  a 
considerable  shift  among  the  various  fragments,  both  great  and 
small,  produced  at  the  same  time.  In  such  cases,  however,  the 
contents  of  the  fissures  crossing  each  other  show  a  continuity 
very  different  from  the  appearance  presented  where  mineral 
veins  or  lodes  are  suddenly  cut  off  by  a  cross  course,  filled, 
for  the  most  part,  by  substances  dissimilar  from  them,  the  lodes 
exposing  ends  at  the  points  of  contact  with  the  cross  course  of  so 
marked  a  character,  that  a  reasonable  doubt  can  scarcely  exist 
that  they  were  once  continuous  portions  of  filled  fissures  which  have 
been  subsequently  divided  by  the  cross  course. 

The  best  evidence  of  the  priority  of  one  set  of  fissures  to  an- 
other consists  in  the  general  fact  that  the  body  of  the  country 
containing  the  one  is  so  moved,  where  traversed  by  the  other, 
that  the  one  set  merely  occupies  its  general  position  in  the 
country,  like  any  particular  beds  or  masses  of  rock  in  it,  following 
the  general  shift,  while  the  other  set  passes  directly  through  all, 
cutting  across,  and  destroying  the  continuity  of,  the  contents  of 
the  other  set,  in  conunon  with  the  general  rocks  of  the  country. 
Thus,  in  the  annexed  figure  (fig.  43),  which  represents  a  ge- 
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neral  plan^  on  a  scale  of  one  inch  to  a  mile^  of  part  of  the  great 
cross  course^  a  6,  near  Redruth,  where  it  traverses  the  North 
Downs>  all  the  lodes  or  mineral  veins,  /  I,  are  moved  with  the 
body  of  the  country,  as  shown  by  the  heave  of  the  elvan  courses, 
e  e,  and  of  the  junction-line  of  the  ^anite,  g,  with  the  slate,  «.  Id 
such  a  case  it  can  scarcely  be  doubted  that  a  6  is  a  fissure  formed 
subsequently  to  those  marked  /  /. 

While  on  this  subject,  and  as  this  report  may  fall  into  the 
hands  of  those  who  have  not  directed  their  attention  to  the  dislo- 
cation of  one  set  of  fissures  by  another  formed  at  a  subsequent 
period,  and  to  the  heaves  which  may  be  produced  apparently 
contradictory  to  each  other  by  the  same  movement,  a  word  or 
two  on  this  head  may  not  perhaps  be  useless  before  we  proceed 
with  the  general  subject. 


Fig.  44. 


.— vv-x::^:^:r V 


Let  a  b,  in  the  above  section  (fig.  44),  represent  the  swface 
of  a  country  traversed  by  the  elvan  courses,  e  e,  and  by  the  lodes, 
/  /  /.  Let  us  now  suppose  this  country  to  be  dislocated  in  a 
plane  perpendicular  to  the  section  before  us,  so  that  a'  V  on  the 
one  side  be  lifted  vertically  above  a  6  on  the  other.  It  will  rea- 
dily be  perceived  that  on  the  level  a  6,  though  the  amount  of 
vertical  elevation  has  been  common  to  all  the  lodes  and  elvan 
courses,  these  have,  according  to  their  various  dips  or  underlies, 
very  difierent  relative  distances  from  each  other  on  the  one  side 
than  on  the  other,  as  will  be  better  seen  by  reference  to  the  figure 
beneath  (fig.  45),  which  would  be  a  plan  of  the  fault,  on  the 
level  a  b,  after  the  dislocation  represented  in  the  section  (fig.  44) 
had  taken  place. 

As  the  letters  and  figures  correspond  in  the  section  and  plan, 
it  will  be  seen  that,  while  the  lodes  11,  12,  and  the  elvan  e  1.  are 
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^i/«     e', 


Fig.  45. 

B  ^s  fi4,  /o 


»• 


/l  /• 


Tl    I 


^   /«    ft 


heaved  to  the  right  on  the  side  of  the  dislocation  marked  B^  the 
lodes  /  3  and  M  are  heaved  to  the  left,  and  in  the  latter  case  a 
lode,  or  branch  from  a  lode,  /'  o^  appears  on  the  side  B  which  was 
not  at  the  surface  on  the  side  A,  so  that  three  lodes  appear  on  the 
sde  B  as  continuations  of  the  two  lodes  visible  on  the  surface  of 
the  side  A.  The  elvan  e  2,  which  was  close  to  the  lode  /4  on  the 
side  A,  is  apparently  removed  &r  from  it  on  the  side  B^  and 
moreover  contains  the  lode  /  5  in  the  latter  case,  which  was  far 
removed  from  it  on  the  side  A.  These  figures  will  serve  to  illus- 
trate the  facts,  apparently  contradictory,  which  are  often  observ- 
able on  the  two  sides  of  a  dislocation  when  lodes,  elvans,  or  other 
mineral  bodies,  dip  at  various  angles  or  in  opposite  directions, 
and  are  traversed  by  it. 

For  the  sake  of  more  easy  illustration  we  have  made  the  move- 
ment vertical  in  the  foregoing  figures.  Such  movements,  how- 
ever, have  been,  as  might  be  supposed,  in  all  directions,  which 
still  more  serves  to  complicate  the  results.  It  may  be  also  ne- 
cessary to  observe  that  a  lode  may  present  the  appearance  of 
having  been  heaved  by  a  hard  body,  such  as  an  elvan,  when  in 
reality  the  fissure  merely  took  a  line  of  least  resistance.  Thus,  let 
ahy'm  the  annexed  figure  (fig.  46),  represent  an  elvan,  and  d  e 

¥ig.  46. 


a  lode,  fiormed  subsequently  ta  it.  Without  due  care  and  exa- 
maatiaa  it  might  be  assumed  that  the  elvan  a  b  was  introduced 
into  a  fissure  formed  after  the  lode  d  e,  heaving  it  at  c.     In  the. 
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case  before  us,  if  the  lode  were  formed  after  the  el?an  a  conti- 
nuation of  it  would  be  somewhere  found  in  the  latter.  If  the 
miner  were  working  in  the  direction  e  c,  he  would  perceive  the 
strings  or  branches  of  the  lode  we  have  represented  at  c,  but,  if  he 
were  working  in  the  direction  d  c,  he  might  suppose  the  lode  to 
be  cut  off  by  the  elvan ;  and  unless  the  dislocation  had  been  such, 
which  it  by  no  means  follows  should  be  the  case,  that  an  appre- 
ciable space,  sufficient  to  show  the  continuation  of  the  fracture,  is 
apparent  on  the  wall  of  the  elvan  on  the  side  d,  it  might  be  con- 
sidered that  the  elvan  was  formed  after  the  lode,  the  latter  having 
been  heaved  at  the  time  of  the  dislocation  into  which  the  matter 
of  the  elvan  has  entered.  Even  in  the  case  when  the  miner  is 
working  in  the  direction  e  c,  equivocal  appearances  may  present 
themselves.  The  strings  at  e  need  not  be  immediately  in  a  line 
with  the  lode  in  that  direction,  for,  according  to  the  figure  before 
us,  the  fissure  was  merely  produced  along  the  lines  of  least  resbt- 
ance,  and  the  planes  of  separation,  between  the  elvan  and  the 
slate  or  other  rocks  in  which  the  latter  is  included,  being  easier 
to  pass  through,  where  the  fissure  came  against  the  elvan,  than 
the  body  of  the  elvan  itself  at  that  spot,  the  fracture  of  the  elvan 
only  took  place  where  the  forces  so  acted,  that  it  became  easier  to 
produce  a  fracture  through  the  elvan  than  along  its  walls.  Now 
upon  the  structure  of  the  elvan  will  depend  the  kind  of  fracture 
through  it.  If  it  be  somewhat  brittle  it  may  be  split  into  a  mul- 
titude of  fragments,  while  if  it  be  tough  a  single  rent  may  traverse 
it.  Much  also  will  depend  on  the  divisional  planes  in  the  elvan^ 
and  elvans  are  generally  much  divided  by  such  planes.  If  these 
be  easily  separated  or  numerous,  the  fracture  forming  the  walls 
of  the  lode,  though  considerable  out  of  the  elvan,  may  be  so  di- 
vided up  among  the  joints  of  the  elvan  itself  as  to  be  scarcely 
perceptible.  In  the  same  way  that  a  lode  may  thus  have  the 
false  appearance  of  being  heaved  when  traversing  an  elvan,  it 
may  be  apparently  heaved  while  passing  from  slate  into  granite, 
if  the  junction-line  of  the  two  latter  be  more  easily  divided  for  a 
short  distance  than  the  direct  line  of  fracture  followed. 

Having  thus  adduced  the  kind  of  evidence  necessary  to  show 
that  one  set  of  fissures  or  dislocations  crossed  another  set  at  a 
subsequent  time,  we  may  proceed  with  the  direction  of  the  various 
lines  of  mineral  veins  and  cross  courses  observable  in  the  great 
mining  districts  of  Devon  and  Cornwall. 
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The  direction  of  many  lodes  in  the  vicinity  of  Tavistock  and 
Callington  is  upon  points  which  do  not  vary  considerably  from 
east  and  west ;  those  which  differ  considerably  from  that  line  being 
probably  the  Crowndale  and  Gunnislake  lode  and  the  Wheal 
Franco  lodes.  Wheal  Friendship  lode  differs  but  a  few  degrees 
from  east  and  west,  as  is  also  the  case  with  Wheal  Jewel  tin-lode 
on  the  north  of  it.  The  lodes  passing  through  Tavistock,  on  Plaster 
Down,  on  the  south  of  the  same  Down,  near  Monk's  Hill,  at 
Vthe^l  Robert,  on  Roborough  Down,  Morwell  Down,  on  the 
banks  of  the  Tamar  above  New  Bridge  (including  the  lode  near 
the  latter  place),  at  Homebush,  at  Wheal  St.  Vincent,  Wheal 
Brothers,  and  some  other  places  near  Callington,  differ  only  a 
few  degrees  from  east  and  west. 

These  lodes,  varying  from  about  W.  25*  S.  and  W.  5*^  N.  to 

£.  25^  N.  and  £.  5^  S.,  are  traversed  by  numerous  cross  courses, 

cutting  them  generally  at  angles  varying  from  70**  to  90%  very 

frequently  approaching  the  latter.     A  very  powerful  cross  course 

tniTeraes  Wheal  Franco,  heaving  the  lodes  to  the  right,  taking  a 

direction  thence   towards  the  south-western  part  of  Tavistock. 

The  cross   courses  cutting  through  Wheal  Friendship   do  so 

neariy  at  right   angles,  the   argentiferous  lead-lode  of  Wheal 

Betsey  being  a  continuation  of  one  or  more  of  them,  for  at  least 

two  would  appear  to  have  a  tendency  to  unite  and  fall  into  one 

m  that  direction;  and  it. may  readily  happen  that  the  north  and 

south  lead-lodes  on  the  east  of  Lidford  are  the  continuation  of 

cross  courses  which  traverse  the  country  near  Wheal  Friendship ; 

indeed  they  appear  to  take  directions  which  would  bring  them 

cfese  to  Wheal  Betsey. 

The  two  great  north  and  south  argentiferous  lead-lodes  of  the 
Beer  Alston  mines  are  cross  courses,  taking  directions  which 
would  cut  the  Drake's  Wall  and  other  adjacent  lodes.  The 
cross  course  in  Gunnislake  can  scarcely,  however,  be  a  continua* 
tioD  of  either  of  them,  unless  they  deviated  from  their  courses 
near  CaUtock  considerably.  The  N.N.E.  and  S.S.W.  lead-lode 
of  Red  Wall  mine,  near  Callington,  seems  another  instance  of 
the  cross  courses  being  plombiferous  in  this  district. 

The  cross  course  running  about  N.N.W.  and  S.S.E.  from 
Black  Down,  near  which  it  traverses  the  western  part  of  Wheal 
Friendship  lode,  to  the  east  end  of  Whitechurch  Down,  near  Ta- 
vistock, is  well  marked  through  the  country,  and  the  6ssure  ap- 
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pesrs'  to  have  been  wide  in  places,  judging  at  least  irom  the 
quarry  between  Tavistock  and  Mary  Tavy,  where  the  quartz 
in  it  has  been  worked  for  the  roads.  Small  cross  courses  seem 
very  common :  many  traverse  Drake's  Wall  mine,  and  some  can 
be  well  seen  in  the  upper  part  of  that  mine  as  in  the  face  of  a 
cliff,  the  lode  having  been  laid  open  from  the  surface  for  a  consi- 
derable  depth.* 

The  lodes  upon  Dartmoor  approximate  considerably  to  east 
and  west  courses,  and  round  its  borders  on  the  north,  east,  and 
south,  where  mines  have  been  worked,  the  same  direction  in  the 
lodes  would  generally  appear.  The  chief  exceptions  seem  some 
tin-lodes  on  both  sides  of  Longstone  Hill,  near  Okehampton, 
which  would  appear  to  take  courses  about  W.  30^  S.  and  E.  30^ 
N. ;  such  short  parts  of  these  lodes  were  however  worked  when 
we  visited  them,  that  these  lines  may  merely  have  been  some  of 
the  minor  irregularities  common  to  almost  all  lodes.  Some 
eastern  and  western  lodes  between  Belstone  and  Okehampton  are 
cut  by  a  N.  and  S.  cross  course,  and  a  cross  course,  in  whidi  lead 
and  silver  ores  have  been  found,  traverses  the  Okement,  near  the 
Castle.  The  tin-lode  at  Owlecombe  runs  a  few  degrees  south  of 
west  and  north  of  east  A  large  iron-lode  runs  nearly  east  and 
west  from  Sharkham  Point,  near  Brixham,  to  Upton,  and  was 
extensively  worked  towards  the  end  of  1837.  Bottle  Hill  lodes 
are  within  a  few  degrees  of  east  and  west.  A  lode  on  the  west 
of  them,  on  the  south  of  Cann  Slate  Quarries,  appears  to  run  a 
few  degrees  more  to  the  N.  and  S. 

In  the  St.  Austell  district  the  general  direction  of  the  mineral 
veins  and  cross  courses  is  to  a  great  extent  preserved.  The 
main  lodes  at  the  Fowey  Consols  approximate  a  true  east  and 
west  direction;  there  are  others  which  run  more  W.N.W.  and 
E.S.E.,  and  E.N.E.  and  W.S.W.,  thus  forming  contre  or  counter 
lodes  coming  in  from  the  N.  and  S.,  but,  taken  as  a  whole,  the 
general  tendency  of  the  mass  of  fracture  is  as  above,  llie  direc* 
tion  of  the  main  lodes  which  form  the  Charlestown,  Pembroke^ 

*  On  this  as  well  other  accounts,  Drake's  Wall  mine,  on  the  south  of  Qwinialafce^ 
is  well  worthy  of  attention,  inasmuch  as  it  rarely  happens  that  lodes  can  be  nea 
at  all  by  the  light  of  day.  At  the  Charlestown  mines,  near  St.  Austell,  the  i^per 
part  of  the  great  tin-lode  is  also  open  to  daylight  for  several  fathoms,  hut  by  no 
means  to  the  depth  to  which  Drake's  Wall  lode  is  exhibited.  The  laftltr,  htixig 
close  to  the  high  road  from  Tavistock  to  Cailington,  is  eauly  acccsnble* 
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and  Crinnis  mines,  k  towards  the  W.N.W.  and  E.S.E.  Thef 
are  traversed  by  other  dislocations,  as  is  seen  in  the  annexed 
figure  (fig.  47)^  where  II  /represent  the  main  lodes,  and  abf  cd, 

Kg.  47. 

9  §SV«^'--*^'^'' '^'''^''^ 


and  ef,  cross  courses.  When  viewed  with  reference  to  itself 
only,  the  above  seems  sufficiently  complicated,  but,  when  taken  as 
a  part  of  a  whole  it  is  not  so. 

The  main  lodes^  when  viewed  in  connexion  with  those  of  Fowey 
Consols,  and  of  the  Great  Hewas  mine,  which  latter  are  nearly 
paralM  to  the  Crinnis  lodes,  give  a  marked  line  of  dislocation, 
having  a  direction  a  few  degrees  to  the  north  of  west  and  south 
of  east.  The  line  a  6  is  that  of  a  cross  course,  agreeing  in  its 
direction  with  the  general  direction  of  the  north  and  south  cross 
coorses  of  Devon  and  Cornwall  and  c  d,  notwithstanding  its 
S.W.  and  N.B.  direction  near  these  mines,  appears  to  constitute 
part  of  a  north  and  south  cross  course^  which,  curving  round  by 
Tywardreth,  runs  northwards  to  Lostwithiel,  and  there  forms  the 
great  iron-lode^  so  extensively  worked  near  that  place.  The  di- 
rection of  the  line  e/,  running  at  right  angles  to  a  b,  is  that  of 
the  principal  lodes  of  the  Gwennap,  Redruth,  and  other  districts 
to  the  westward.  We  have  here  at  least  two  epochs  of  disloca- 
tion, if  not  three.  The  north  and  south  lines,  considering  c  d  e^ 
part  of  one  running  probably  into  a  b  under  the  sea  to  the  south- 
ward, traverse  the  copper  and  tin  lodes,  and  heave  not  only  them 
bat  also  the  junction-line  of  the  granite  and  slate,  so  that  the 
country  is  dislocated  or  moved,  as  regards  surface,  nearly  the  tenth 
of  a  mile.     The  dislocation  in  the  line  efsSso  heaves  the  lodes. 


Digitized  by  VjOOQIC 


304  MINERAL  YBIN8  AND  FAULTS. 

though  in  a  minor  degree^  but  it  does  not  appear  clear  whether 
such  dislocation  was  produced  contemporaneously  with  a  6,  or 
subsequently  or  previously  to  it.  It  may,  however,  be  remarked 
that  at  the  Great  Hewas  mine  a  dislocation  traverses  the  tin 
lodes  there,  having  the  same  direction,  and  known  to  have  heaved 
at  least  one  of  them.  In  passing  through  the  lodes  of  Pembroke 
copper-mine  the  dislocation  a  b  has  split  in  a  manner  to  include 
part  of  the  lode  between  its  divided  parts. 

The  direction  of  the  Charlestown  and  Crinnis  lodes  is  preserved 
in  the  granite  (see  maps)  in  a  lode  on  Alviggan  Moor,  and  thence 
to  Dubbers.  The  direction,  however,  of  numerous  lodes  in  the 
St.  Austell  granite  is  from  north-east  to  south-west,  as  is  seen  at 
Wheal  Prosper^  Wheal  Providence,  and  St  Austell  Hill  mines, 
near  Hensborough.  The  same  direction  is  seen  on  the  skirts  of 
the  same  granite  at  Roche  Rock  mine.  Great  Brin  mine,  near 
Belovely  Beacon,  and  at  the  lodes  on  the  southward  of  St.  Enoder. 
At  St.  Austell  Hill  mines,  independently  of  the  north-east  and  south- 
west lodes,  there  is*  a  north  and  south  cross  course,  with  a  lode 
running  at  right  angles  to  it  At  Wheal  Prosper,  also,  there  are 
lines  running  north  and  south,  nearly.  At  Treliver  Mine,  one 
lode  is  nearly  east  and  west,  and  another,  which  must  fall  into  the 
former,  going  eastward,  runs  to  the  northward  of  west,  and  south- 
east,— a  cross  course,  holding  manganese,  and  having  a  general 
north  and  south  direction,  traversing  the  west  of  the  mine.  This 
cross  course  runs  southward  to  Toldish  mine,  where  a  lode 
parallel  to  it  has  been  worked  for  tin,  though  not  very  profitably. 
Cross  courses  holding  iron  ore  occur  in  a  north  and  south  direc- 
tion at  Nantallan  Downs  and  Lanivet  Downs  near  Bodmin, 
resembling  that  above  noticed  as  traversing  the  country  near 
Lostwithiel. 

Taking  the  St.  Austell  district  as  a  whole,  the  most  marked 
lines  of  lodes  are  W.N.W.  and  E.S.E.,  thence  inclining  to  true 
east  and  west  in  the  slates  on  the  south-east,  and  south-west  and 
north-east  in  the  granite  and  on  its  skirts  on  the  north  and  north- 
east and  east,  large  cross  courses  having  a  general  north  and 
south  tendency  occurring  in  various  places.  One  mine,  Polgooth, 
differs  materially  from  the  others  in  its  vicinity,  and  indeed  fix>m 
the  Cornish  mines  in  general,  for,  instead  of  showing  that  paral- 
lelism of  lodes  so  commonly  seen  in  them,  viewing  the  subject  on 
the  large  scale,  its  loiles  so  cross  each  other  nearly  in  one  place  as 
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to  give  the  appearance  of  a  star,  as  will  be  seen  by  reference  to 
the  annexed  plan  (fig.  48),  in  which  ///are  lodes,  as  they 
appear  on  the  surface,  and  eee  elvans. 

Fig.  48. 


The  direction  of  the  lodes  in  the  St.  Agnes  district  is,  taken  as 
a  whole,  W.S.W.  and  E.N.E.,  and  considerable  general  parallelism 
can  be  observed  among  them.  The  lodes  of  Wheal  Rose,  &c.,  in 
NeirJyn  Downs  form  a  kind  of  intermediate  link  between  them 
and  those  on  the  north  of  the  St.  Austell  district. 

Parallel  to  the  run  of  the  lodes  in  the  St.  Agnes  district  we 
find  the  great  mass  of  mineral  veins  of  Gwennap,  Redruth,  and 
Camborne,  the  two  districts  being  connected  in  this  respect  by 
the  lodes  on  Princes  Common  and  by  other  intermediate  mineral 
veins.    The   general  parallelism  of   the  lodes  in   this  part  of 
Cornwall  is  remarkable,  and  presents  a  striking  feature  in  its 
geological  structure.     There  are,  no  doubt,   many  minor  devia- 
tions from  this  parallelism,  but,  viewed  as  a  whole,  and  in  the 
mass,  it  is  particularly  striking.     These  lodes  are  more  or  less 
traversed  by  other  lines  of  dislocation  having  a  general  tendency 
to  run  at  right  angles  to  the  W.S.W.  and  E.N.E.  lines.     One  of 
the  more  remarkable  of  these  is  termed  the  great  cross  course,  and 
can  readily  be  traced  many  miles  from  Gwennap  to  the  sea  on 
the  north.   During  its  course  it  heaves  the  country,  lodes  included, 
between  seventy  and  eighty  fathoms  horizontally  (see  fig.  43  p. 
297),  so  that  the  eastern  side  of  the  fracture  is  more  to  the  south 
than  the  western,  forming  what  the  miner  terms  a  "  right  hand 
heate,"   for,   whether  he  be  working  from  east  to  west  or  the 
Peverse,  the  continuation  of  the  lode  he  is  following  will  be  found 
to  the  right  hand  when  hove  by  the  cross  course. 

X 
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Many  other  great  cross  courses  are  seen  in  the  St.  Agnes  and 
Gwennap^  Redruth  and  Camborne  districts,  the  apparent  heave 
produced  by  which  is  in  the  same  direction.  One  at  Piran  Perth 
is  considered  to  shift  the  country  on  either  side  to  the  distance  of 
ninety-two  fathoms.  The  great  cross  course  which  traverses  tJie 
east  end  of  Dolcoath  mine,  separating  it  from  Cook's  Kitchen 
mine,  heaves  the  country,  lodes  included,  so  that  its  once  con- 
tinuous parts  do  not  coincide  by  many  fathoms.  That  these  north 
and  south  dislocations  were  produced  after  the  fissures  containing 
the  tin  and  copper  lodes  of  St.  Agnes,  Gwennap,  Redruth,  and 
Camborne,  there  is  the  best  evidence.  The  great  cross  course 
above  mentioned  splits  into  branches  on  the  south,  so  that  the  lodes 
traversed,  as  for  instance  those  of  Wheal  Squire,  are  broken  into 
numerous  pieces,  with  heaves  depending  upon  the  mode  in  which 
the  divided  cross  course  has  traversed  them.  By  sections  which 
represent  the  old  workings  at  Poldory  mine,*  adjoining  Wheal 
Squire,  it  would  appear  that  the  lodes  run  into  each  other  vertically 
in  a  manner  somewhat  resembling  that  in  which  the  lodes  at  the 
Powey  Consols  are  disposed  relatively  to  each  other  (pi.  11), 
showing  a  complication  of  fissures.  In  this  part  of  the  Grwennap 
district,  therefore,  the  country  cati  be  considered  as  litde  else  than 
a  mass  of  huge  fragments  cemented  together  by  various  mineral 
substances,  the  great  dislocations  having  been  produced  at  two 
difierent  times  at  least,  the  last  cutting  off  the  continuity  of 
numerous  fissures,  previously  filled  in  part  by  the  ores  of  the 
usefiil  metals,  in  this  case  chiefly  by  those  of  copper. 

Continuing  our  attention  for  the  present  to  the  direction  of  the 
lodes  and  cross  courses,  it  will  be  seen  that  the  W.S.W.  and 
E.N.E.  direction  is  continued  from  Camborne  through  the  north 
part  of  Gwinnear  into  the  granite  on  the  north  of  Penzance,  which 
has  been  previously  termed  for  convenience  the  Land's  End 
granite^  The  great  leading  lode  of  Wheal  Alfred,  thoae  of 
Herland  mine,  and  to  a  certain  extent  those  of  Helistian  mine, 
have  this  direction,  which  is  also  preserved  in  some  lodes  near 
Gwythian.  Near  St.  Ives  the  main  lode  of  Wheal  Trenwith  and 
St.  Ives  Consols  takes  the  same  course,  which  may  also  be  seen 
among  Balnoon  lodes.  Proceeding  along  the  coast  from  St.  Ives 
to  Morvah,  many  lodes  are  found  coinciding  with  the  same  direc* 
tion,  and,  in  the  interior,  the  two  main  lodes  at  Ding  Dong  tin* 
*  Kindly  lent  us  by  Mr.  John  Williams,  of  Scurrier  House. 
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mine  take  the  same  course :  so  that  the  St.  Agnes  and  Gwennap 
fine  of  fissures  may  be  traced  nearly  to  Morvah.' 

A  W.S.W.  and  E.N.E.  direction  will  be  observed  in  the  lodes 
at  Penance  Mill  near  Falmouth,  Wheal  Vyvyan  near  Con- 
stantine^  and  in  several  mines  near  Wendron,  which  serves  to 
show  the  general  course  of  the  mineral  vein  fissures  in  those 
localities^  connecting  them  with  the  Gwennap  line  of  lodes.  The 
same  direction  is  also  conspicuous  in  the  Wheal  Vor,  Great  Work, 
and  several  other  lodes  on  the  north  of  Breague.  The  great  lode 
which  runs  from  Godolphin  Hill  to  Trevean  Cove  takes  a  similar 
course,  as  does  also  one  of  the  principal  lodes  near  Retallack. 
The  Breague  and  Marazion  country  is  however  crossed  by  another 
line  of  principal  lodes,  more  reminding  us  of  that  of  the  St.  Austell 
lodes.  The  direction  of  these  latter  is  much  complicated  in  detail, 
but,  if  we  view  them  in  a  mass  from  near  Breague  and  Trewavas 
Head  to  Ludgvan,  they  would  run  about  W.N.W.  and  E.S.E. 
The  two  great  lines  from  W.N.W.  to  E.S.E.  and  from  W.S.W. 
to  E.N.E.  tend  to  cross  each  other  in  the  Marazion  and  Breague 
distnctSy  and  the  results  are  often  sufficiently  complicated,  though 
as  a  whole  the  two  directions  become  apparent.  This  tendency 
of  the  Unes  to  traverse  each  other  extends  northward  to  Binner 
Downs,  and  also  to  Copper  Bottom  mine  between  Clowance  and 
Pendanres.  The  cross  courses  which  coincide  with  the  general  run 
of  those  in  St.  Agnes  and  Gwennap,  where  they  traverse  the 
W.S.W.  and  E.N.E.  line  of  fissures  near  Gwinnear,  St.  Erth, 
and  St  Ives,  become  complicated  in  their  directions  near  Germoe 
and  Breague,  some  taking  very  nearly  those  of  the  W.N.W.  and 
E.S.E.  lodes,  as  for  instance  near  Trescow  and  Wheal  Vor. 

It  is  very  difficult  to  determine  whether  the  lines  from  W.N.W. 
to  E.S.E.,  or  from  W.S.W.  to  E.N.E.,  have  been  formed  anterior 
or  posterior  to  each  other,  as  there  exists  much  contradictory 
evidence  on  this  head,  it  being  sometimes  stated  that  the  former 
cut  the  latter,  and  at  others  that  the  latter  cut  the  former.  If  we 
take  the  cross  courses  at  Wheal  Vor,  those  which  are  nearly 
parallel  to  the  W.N.W.  and  E.S.E.  lines,  to  have  been  formed 
contemporaneously  with  the  latter,  then  it  might  be  inferred  that 
soch  were  last  formed,  but  it  may  readily  have  happened  that  the 
cross  course  &actures  following  lines  of  least  resistance  took  a  direc- 
tion parullel  to  the  W.N.W.  and  E.S.E.  lodes.  This  point,  which 
is  one  of  considerable  interest,  can  only  be  well  cleared  up  by  re- 
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cording  more  fully  than  has  hitherto  been  done  the  working  of  the 
smaller  mines^  which  would  aflTord  very  valuable  information  not 
only  on  this  but  also  on  other  heads  alike  important  to  science  and 
its  application  to  the  useful  purposes  of  life.  Whether,  however, 
these  two  main  lines  of  lodes  be  or  be  not  contemporaneous,  as 
regards  each  other,  there  is  good  evidence  that  great  lines  of  dis- 
location, having  a  N.N.W.  and  S.S.E.  tendency,  traverse  the  land, 
bending  occasionally,  as  near  the  Marazion  mines  and  Trescow, 
more  into  a  W.N.W.  and  E.S.E.  course. 

Some  good  examples  of  split  lodes  are  to  be  seen  in  the  Mara- 
zion and  Breague  districts;  of  these,  the  most  remarkable  is  the 
Wheal  Fortune  range  of  mines  represented  in  the  annexed  plan 

Fig.  49. 

FTett.  Batt. 


(fig.  49),  on  a  scale  of  one  inch  to  the  mile,  /  /  being  the  main  lode, 
which  splits  east  and  west  A  range  of  lodes,  m,  forming  Wheal 
Frendship,  would,  if  they  be  continued  in  the  direction  of  the 
main  Wheal  Fortune  lode.  Ml  into  the  latter.  These  various  lodes 
traverse  three  elvan  courses,  e  e  e,  and  are  cut  by  cross  courses, 
d  d.  There  are  also  some  curious  examples  of  lodes  parting  and 
meeting  again  at  the  Marazion  mines  and  at  those  on  the  Downs 
to  the  southward  of  St.  Hilary.     (See  maps.) 

Near  St.  Just  some  of  the  lodes  have  the  same  direction  with 
many  of  those  in  the  Marazion  and  Breague  district,  which  run 
from  W.N.W.  to  E.S.E.,  and  from  N.W.  to  S.E.,  nearly.  Other 
lines  run  N.N.W.  and  S.S.E.,  thus  corresponding  with  the  general 
run  of  the  cross  courses  more  eastward.  There  are  also  cross- 
course  lines  more  north  and  south.  The  St.  Just  mass  of  lodes 
may  be  considered  to  have  a  still  more  northerly  direction  than 
the  W.N.W.  and  E.S.E.  system  of  Breague  and  Marazion. 

When  we  generalize,  as  in  the  annexed  plan  (fig.^  50),  the  va- 
rious facts  connected  with  the  directions  of  the  common  faults,  mi- 
neral veins,  and  cross  courses,  above  noticed,  we  find  on  the  east  a 
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Fig.  60. 
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tendency  of  nearly  north  and  south  lines  to  cross  others  running 
east  and  west,  while  on  the  west  lines,  which  have  frequently  a 
N.N.W.  and  S.S.E.  tendency,  cross  others  which  run  either  from 
W.S.W.  to  E.N.E.,  or  from  E.S.E.  to  W.N.W.  There  will  pro- 
bably be  little  difficulty  in  considering  the  lines  b  b  b,  though 
there  may  be  a  difference  of  a  few  degrees  in  their  respective  di- 
rections, as  belonging  to  the  same  system  of  fissures,  and  it  will 
be  also  seen  by  the  preceding  notices  of  them  that  many  afford 
evidence  of  considerable  dislocations  in  the  country  traversed. 

It  wiU  also  be  seen  that  towards  the  great  metalliferous  district 
of  Cornwall,  the  lines  c  c  c,  take  a  direction  somewhat  parallel 
to  that  of  the  general  range  of  land,  and  we  have  to  consider 
whether  this  may  be  a  bend  from  the  east  and  west  lines  on  the 
eastward,  or  a  portion  of  a  separate  system  of  dislocations.  Look- 
ing at  the  subject  in  a  general  point  of  view,  a  bend  in  the  general 
line  of  fissures  produced  by  local  causes  would  appear  the  better  ex- 
planation, more  particularly  as  the  lines  of  north  and  south  fissures 
also  bend  so  as  to  traverse  the  change  of  line  at  right  angles. 
How  far  local  causes  have  produced  the  lines  ddd(a.t  St.  Austell, 
Marazion,  and  St  Just),  supposing  them  to  a  certain  extent  con- 
temporaneously produced  with  the  lines  a  and  c,  it  is  difficult  to 
prove.  One  thing,  however,  can  scarcely  fail  to  strike  the  ob- 
server, and  that  is,  the  general  coincidence  between  the  lines  of 
on  and  copper  veins  and  those  of  the  elvan  courses.  It  is  not 
pretended  that  these  mineral  veins  do  not  often  cross  the  elvans : 
this  they  frequently  do,  and  at  Polgooth,  near  St.  Austell,  the 
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elvan  is  considered  to  traverse  the  mineral  veins ;  but,  viewing  the 
subject  as  a  whole,  there  is  a  certain  marked  coincidence  between 
the  lines,  which  would  seem  to  point  to  the  fact  that  the  land  was 
fissured,  and  the  fissures  so  produced  filled  up  by  granitic  matter 
before  those  now  containing  the  abundant  ores  of  tin  and  coppa" 
were  formed.  The  tin  and  copper  veins  near  Tavistock  have  nearly 
the  same  direction  as  the  elvans  and  general  run  of  granitic  matter 
of  Kit  Hill.  At  St.  Neotts  the  mineral  veins  generally  coincide  in 
direction  with  the  elvans  there.  At  St.  Austell  the  tin  and  copper 
veins  in  the  slate,  always  excepting  those  of  Polgooth  mine,  have 
a  general  strike  like  the  elvans  near  them.  In  the  St.  Agnes, 
Gwennap,  Redruth,  and  Camborne  districts,  the  general  coinci- 
dence of  the  lines  of  bearing  of  the  tin  and  copper  lodes  with  the 
lines  of  the  elvans  is  particularly  remarkable,  and  this  parallelism 
may  be  traced  from  the  latter  through  part  of  Gwinnear,  to^t. 
Erth,  and  thence  into  a  part  of  the  Land's  End  granite.  In  the 
Wheal  Vor  part  of  the  Breague  district  the  same  facts  are  ob- 
servable; and  when  we  regard  the  W.N.W.  and  E.S.E.  lodes  of 
the  other  part  of  the  same  district,  and  of  Marazion,  we  find 
elvans  with  the  same  directions. 

As  for  the  most  part  we  have  direct  evidence  that  the  dvana 
generally  were  consolidated  before  the  fissures  containing  the  ores 
of  tin  and  copper  were  formed,  inasmuch  as  the  latter  are  con- 
tinued through  the  former  in  the  same  manner  as  through  any 
other  rock  which  they  traverse,  and  it  would  appear  probable  that 
the  fissures  filled  by  elvans  were  chiefly  produced  after  the  conso- 
lidation of  the  granite,  we  have  the  various  fissures  which  contain 
the  greater  portion  of  the  copper  and  tin  ores  of  Devon  and  Corn- 
wall taking  general  directions  coincident  with  lines  of  pre-exist- 
ing fissures.  Now,  if  granitic  matter  extends,  as  we  have  sup- 
posed, beneath  a  considerable  part  of  the  metalliferous  districts  of 
Devon  and  Cornwall,  we  have  the  lines  of  elvans  and  principal 
tin  and  copper  lodes,  upon  a  great  back  of  pre-existing  granite, 
at  first  taking  a  western  course  from  Dartmoor  to  the  Brown 
Willy  and  Hensborough  bosses,  then  striking  down  W.S.W.  to 
the  Land's  End  and  Scilly  Island  granites. 

The  north  and  south  lines,  b  b  b,  present  a  marked  feature  ia 
the  plan  before  us  (fig.  50),  cutting  through  all,  and  are  clearly 
seen  in  Cornwall  to  have  been  the  last  set  of  fissures^  with  the 
exception  of  east  and  west  slides,  which  are  exceedingly  difficult 
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to  trace  on  the  surface.  If  these  lines  have  been  contempora- 
neously produced,  we  haye  evidence  near  Chard  that  they  must 
certainly  date  after  the  consolidation  of  the  chalk,  and  very  pro- 
bably after  the  plastic  clay  epoch,  inasmuch  as  beds  which  appear 
to  be  referrible  to  that  deposit  are  let  down  with  the  chalk  ^ear 
Wambrook.  We  have,  however,  no  direct  proof  that  they  were 
ocAtemporaneously  produced,  though  we  may  consider  it  very 
probable  that  they  were  so.  Be  that  as  it  may,  we  may  infer  that 
fissures  with  the  same  general  direction  have  been  produced  and 
filled  by  mineral  matter  at  earlier  epochs.  Of  this  we  would 
appear  to  have  the  most  marked  example  in  the  north  and  south 
range  of  elvan  which  extends  from  Watergate  Bay  on  the  north 
through  St.  Columb  Minor  to  the  vicinity  of  Michell  on  the  south, 
and  probably  also  in  the  northern  and  southern  trappean  dykes 
of  fhe  neighbourhood  of  New  Quay,  and  in  the  vicinity  of  Truro. 

In  the  dislocations  termed,  as  above  noticed^  slides,  there  is 
evidence  that  lines  of  fracture  were  produced  after  the  general 
north  and  south  fissures ;  the  geological  date  to  which  they  can 
be  assigned  is  however  difficult  to  determine,  further  than  if  we 
suppose  the  Cornish  cross  courses  to  have  been  contemporaneous 
with  the  north  and  south  faults  of  the  Black  Down  Hills,  it  must 
have  been  during  the  supracretaceous  or  tertiary  period,  and  an- 
terior to  the  present  configuration  of  the  land  as  regards  hill  and 
▼alley,  inasmuch  as  such  dislocations  are  not  more  apparent  on 
the  surface  than  others  of  anterior  date,  and  cause  no  more  break 
in  the  general  contour  of  the  ground. 

It  may  here  be  noticed  that  dislocations  and  lines  of  disturb- 
ance, in  directions  varying  from  W.N.W.  and  E.S.E.  to  W.S.W. 
and  E.N.E.,  have  taken  place  at  difierent  geological  epochs,  if 
we  merely  regard  the  part  of  England  situated  on  the  south  of  a 
line  drawn  from  Bristol  to  London.  The  granite  has  probably  so 
disturbed  the  slates  through  which  it  has  protruded,  that  their 
original  lines  of  bearing  may  be  scarcely  discernible ;  and,  seeing 
that  granite  occurs  at  Lundy  Island,  the  grauwacke  of  north 
Devon  and  Somerset,  the  strike  of  which  we  might  otherwise 
have  regarded  as  an  example  of  an  anterior  direction  of  beds,  may 
have  been  as  readily  ridged  and  furrowed  at  the  time  the  granite 
was  protruded  as  at  any  prior  period.  If  we  take  as  our  guide 
the  direction  of  these  ridges  and  furrows,  whatever  their  geolo- 
gical age  may  be,  a  line  a  few  degrees  N.  of  W.  and  S.  of  E. 
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would  be  that  of  the  strike  for  the  grauwacke  rocks  of  North  Devon. 
Taking  the  mass  of  the  grauwacke  and  associated  rocks  of  Devon 
and  Eastern  Cornwall,  east  and  west  would  not  far  diflFer  from  the 
average  direction  of  the  beds,  abstraction  being  made  of  those 
parts  of  the  area  more  immediately  and  locally  disturbed  by 
granitic  protrusions.  The  slates  of  Western  Cornwall  have  so 
suffered  from  this  more  immediate  cause  of  disturbancet  that  a 
general  direction,  further  than  that  of  the  various  granite  bosses 
which  are  above  the  surface,  cannot  readily  be  traced.  It  may, 
however,  be  observed  that,  from  Mevagissy  towards  Probus,  an 
anticlinal  line  can  be  observed  coinciding  much  with  that  from 
Croydon  Hill,  south  of  Minehead,  to  Linton.  The  anticlinal  line 
of  St.  Breock's  Downs,  near  Bodmin,  extending  thence  through 
Bogee  Downs  to  the  sea,  is  nearly  E.  and  W. 

This  general  east  and  west  direction  of  beds,  whether  caiAed 
by  the  protrusion  of  the  granite  or  partly  anterior  to  it,  was  pro- 
duced prior  to  the  deposit  of  the  red  sandstone  series,  for  the  latter 
rests  quietly  upon  the  edges  of  these  disturbances,  as  may  readily 
be  seen  where  it  comes  in  contact  with  the  pre-existing  rocks.  In 
the  Mendip  range  we  find  the  carboniferous  series  ridged  into  an 
east  and  west  anticlinal  line,  which  may  have  been  contempora- 
neously produced  with  the  general  strike  of  older  beds  in  Devon 
and  Cornwall.  Be  that  as  it  may,  the  red  sandstone  series  rests 
quietly  on  this  previously-disturbed  country. 

We  next  observe  the  elvan  courses,  fissures  filled  with  granitic 
matter,  in  part  at  least,  certainly  aAer  the  consohdation  of  the 
granite,  inasmuch  as  elvan  courses  traverse  that  rock  as  well  as 
grauwacke,  the  same  fissure  evidently  nmning  through  both. 
The  great  mass  of  such  granitic-filled  fissures  vary  in  direc- 
tion from  W.N.W.  and  E.S.E.  to  W.S.W.  and  E.N.E.,  many 
running  true  east  and  west.  Whether  or  not  these  fissures  were 
produced  and  filled  with  granitic  matter,  as  previously  observed 
(p.  217),  at  the  time  of  the  earlier  deposit  of  the  red  sandstone 
series,  it  would  be  difficult  to  say,  but  at  all  events  they  were 
consolidated  prior  to  the  lodes  which  cross  them  at  acute  angles, 
while  ranging  in  the  same  general  direction. 

We  now  come  to  the  east  and  west  lines  of  fracture  through  the 
red  sandstone  series,  some  of  these  faults  being  considerable,  as  that 
ranging  near  Upton  Pyne  and  St.  Newton  Cyres,  the  fault  near 
Kellerton,  and  others  near  Wiveliscombe  and  Taunton.     There 
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will  be  no  difficulty  in  considering  the  R  and  W.  lines  of  fracture 
traversing  the  lias  and  red  sandstone  series  near  Watchet  as  con- 
temporaneous with  these  faults.  In  the  area  under  consideration 
evidence  of  E.  and  W.  faults  of  tolerable  magnitude,  such  as 
may  not  be  considered  mere  lateral  breaks  from  the  great  north 
and  south  faults,  have  not  yet  been  noticed,  though  probably  some 
exist  in  the  Black  Down  Hills.  If  we,  however,  extend  our  view 
beyond  this  area,  we  find  considerable  fractures  with  east  and 
west  directions  near  Bridport  and  Weymouth,*  traversing  chalk 
in  the  latter  instance,  so  that  such  dislocations  are  carried  into 
the  supracretadeous  or  tertiary  epoch.  And  of  the  like  epoch 
will  be  the  anticlinal  line  of  the  Wealden  country,  and  of  its  pro* 
bable  continuation  in  the  Vale  of  Wardour,  as  also  of  those  of 
Kingscleer  and  other  places  noticed  in  Dr.  Fitton's  map  of  the 
soutft-east  of  England,  f  In  the  Isle  of  Wight  there  is  direct 
evidence  that  an  east  and  west  line  of  disturbance  was  produced 
during  the  supracretaceous  or  tertiary  period^  after  the  deposit 
of  the  London  clay,  such  line  of  disturbance  extending  a  consi- 
derable distance  through  Purbeck,  to  and  beyond  Weymouth,  and 
it  may,  for  anything  that  appears  to  the  contrary,  be  prolonged 
among  the  east  and  west  faults  affecting  the  red  sandstone  series 
in  Devonshire. 

If  we  attempt  to  connect  these  lines  of  dislocation  and  dis- 
turbance with  those  tin  and  copper  lodes  of  Devon  and  Cornwall 
which  have  a  general  east  and  west  tendency,  there  is  considerable 
difficulty,  inasmuch  as  the  lines  of  many  slides  also  take  that  di- 
rection. Now  it  should  be  recollected  that,  from  the  epoch  of  the 
red  sandstone  series  upwards,  vast  deposits  have  been  formed 
over  the  grauwacke,  carboniferous  series,  and  granite,  and  that  we 
Goly  see  such  portions  of  the  latter  rocks  as  have  subsequently 
been  denuded  or  have  never  been  covered;  consequently  the 
fissures  containing  the  tin  and  copper  lodes  may  have  been  formed 
anterior  to  the  deposits  above  named,  and  similar  lodes  be  covered 
in  abundance  beneath  them>  the  east  and  west  cracks  or  disloca- 
tions traversing  the  superincumbent  rocks  being  merely  equiva- 
lent to  those  east  and  west  fissures  which  are  termed  slides  by  the 
Cornish  miners.     With  this  view  of  the  subject  we  have  four 

*  Geol.  Trans.,  2nd  series,  vol.  iv.,  plates  1  and  2. 

I  Fitton^s  Observations  on  ifome  of  the  strata  between  the  chalk  and  Oxford  oolite 
cB  tltt  sooth-eaat  of  England,  Geol.  Trans.,  vol.  iv.,  2nd  veries,  pi.  ix. 


Digitized  by  VjOOQiC 


314  MINERAL  VEINS  AND  FAULTS. 

epochs  of  eastern  and  western  disturbances  in  the  south  of  Bag-- 
land:  1.  that  either  anterior  to,  or  contemporaneous  with,  the 
great  granitic  intrusion ;  2.  that  of  the  elvan  courses,  which  tra- 
verse alike  granite  and  disturbed  beds ;  3.  that  of  the  east  and 
west  tin  and  copper  lodes,  allowing  considerable  latitude  to  this 
term,  the  exact  date  of  the  lodes  being  uncertain;  and  4.  that  of 
the  east  and  west  slides,  which  may  coincide  with  the  lines  of  dis« 
turbance  produced  during  the  supracretaceous  or  tertiary  epoch 
in  the  more  eastern  part  of  southern  England.  If  to  this  we  add 
the  north  and  south  lines  of  elvan  and  trappean  rocks  in  part  of 
Cornwall,  and  the  great  cross  courses  and  faults,  there  is  no  want 
of  evidence  to  show  that  the  solid  rocks  of  the  area  before  us  have, 
at  different  epochs,  been  well  contorted,  bent,  and  broken,  and  it 
will  be  seen  in  the  sequel  that  the  consequences  of  such  violent 
contortions  and  fractures  have  been  of  the  greatest  importance 
and  value  to  man. 
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CHAPTER  XL 

MINERAL  VKIKS  AND  FAULTS. 

Having  endeavoured  to  trace  the  great  lines  of  dislocation^  the 
miDor  lines  of  iracture  and  the  present  contents  of  the  fissures, 
whether  known  by  the  names  of  common  faults  or  mineral  veins, 
are  to  be  considered.  It  could  scarcely  be  supposed  that  the 
great  Unes  of  fracture  would  be  unaccompanied  by  smaller  dislo- 
cations, running  from  them  in  various  directions  according  to  mo- 
difying resistances,  which  would  depend  upon  the  kinds  of  rock 
traversed  by  the  great  fractures,  the  direction  in  which  they  were 
carried  through  them  as  regards  the  bearing  of  their  strata,  should 
they  be  stratified,  and  other  obvious  causes.  The  great  fractures 
woukl  often  also  tend  to  split  in  various  directions,  and  reunite 
into  main  lines,  as  in  the  annexed  sketch  (fig.  51),  in  which  a  b 


represents  the  Une  of  principal  fracture,  splitting  at  6  6  from  local 
causes,  and  uniting,  both  towards  a  and  6,  minor  cracks  running 
into  the  adjoining  rock  bX  c  c  c  c.  There  is  scarcely  any  long 
range  of  coast  where  similar  appearances  cannot  be  observed  in 
the  line  of  common  faults :  in  the  Cornish  and  Devon  mines  they 
are  by  no  means  rare,  and  can  often  be  well  seen  in  the  continua- 
tion of  the  mineral  veins  to  the  coasts. 

As  regards  the  area  under  consideration,  the  coast  of  Watchet 
(Somerset)  is  a  good  locality  for  observing  the  minor  complica- 
tion of  lines  of  &ult,  inasmuch  as  the  tide  there  leaves  a  consider- 
able extent  of  dislocated  rocks  bare  at  low  water.  On  the  coast 
between  Marazion  and  the  Greeb  Point,  Mounts  Bay,  there  is  a 
Tery  beautiful  display  at  low  water  of  the  back  of  a  fault,  tra- 
vernng  argillaceous  slate,  greenstone,  and  an  elvan,  the  heave 
produced  in  the  country  by  the  fracture  being  well  shown,  as  also 
all  the  DDiinor  ramifications,  spUts,  and  reunions. 
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The  ramifications  in  mineral  veins  are  commonly  known  to  the 
miners  as  strings  and  branches,  their  very  natural  process  of 
naming  such  parts  being  to  regard  the  lode  or  mineral  vein  as  a 
great  leading  body,  and  the  country  or  rock  including  it  aa 
object  of  secondary  consideration ;  and  hence  perhaps  has  in  some 
measure  arisen  the  somewhat  remarkable  hypothesis  that  the 
mineral  veins  of  Cornwall  were  of  contemporaneous  production 
with  the  rocks  containing  them,  which  is  to  suppose — as  the  same 
mineral  vein  often  traverses  a  variety  of  rocks,  some  clearly  of 
fossiliferous  systems,  and  mechanically  formed  through  the  agency 
of  water,  and  others  of  crystalline  structures  and  certainly  due  to 
different  causes — ^that  a  body  traversing  others,  formed  at  different 
epochs  and  through  the  agency  of  different  causes,  was  contem- 
poraneous with  them  all. 

As  the  ramifications  c  (fig.  51),  are  merely  cracks  in  the  ad- 
jacent rocks  formed  while  the  greater  dislocation  a  b  was  pro- 
duced, it  will  follow  that,  whatever  amount  of  heave  there  may 
be  along  a  line  of  the  main  fault,  supposing  such  heave  to  exist, 
which  it  by  no  means  follows  should  be  always  the  case,  the  sides 
of  the  strings  or  branches  would  generally  coincide  and  fit  ex- 
actly if  the  substance  of  the  string  or  branch  were  removed.  The 
annexed  figure  (fig.  52)  is  a  sketch,  on  a  reduced  scale,  of  a  spe- 

Fig.52. 


cimen  of  slate  containing  strings  of  oxide  of  tin  from  St.  Agnes, 
and  illustrates  a  complicated  minor  fracture  subsequently  filled 
with  a  metallic  oxide.  These  kinds  of  specimens  are  not  un- 
common, more  particularly  from  St.  Agnes,  and  some  show  an 
arrangement  of  parts  which  are  improperly  termed  heaves,  being 
nothing  but  numerous  small  fragments  of  slates,  the  results  of 
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the  minor  fractures  produced  during  a  more  considerable  dislo- 
catioD,  cemented  by  mineral  matter  subsequently  introduced,  in  a 

Fig.  53. 


manner  well  known  to  geologists  to  be  common  among  fractured 
rocks.  The  above  (fig.  53)  is  a  sketch  of  another  specimen  of 
strings  of  oxide  of  tin  in  slate  from  St.  Agnes,  thought  to  be  highly 
iUustrative  of  such  heaves  at  h,  h. 

The  walls  of  a  fault  or  a  mineral  vein  are  seldom  parallel  to 
each  other  for  any  considerable  distance,  and  could  not  well  be 
so  except  in  cases  where  the  fissure  has  been  a  mere  opening 
in  the  containing  rock,  the  relative  position  of  the  sides  being 
otherwise  unchanged  as  regards  each  other,  for  it  can  scarcely 
be  supposed  that  the  fracture  of  rocks,  particularly  when  in  beds 
of  unequal  hardness,  would  be  such  as  to  produce  perfect  planes, 
which,  if  slid  in  any  direction  upon  each  other,  would  still  be  pa- 
rallel. On  the  contrary,  the  walls  are  generally  found  to  be  very 
irregulaT,  which  must  be  the  case  if  two  irregular  sides  of  a  fissure 
vrere  slid  upon  each  other,  no  matter  in  what  direction,  so  that 
they  be  uneven,  as  will  be  readily  seen  by  the  annexed  sketch. 


Fig.  54. 


%55. 


rif.56. 


Let  a  6,  fig.  54,  be  a  line  of  fracture  traversing  a  rock  or 
rocks,  and  let  a  6,  fig.  55,  represent  the  same  line ;  now,  if  we 
cut  a  piece  of  paper  representing  this  line,  and  slide  part  of  the 
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cut  paper  from  a  to  a',  and  from  bio  V,  90  that  the  one  side  be 
pressed  against  the  other  at  the  points  00  00  o,vfe  obtain  an 
irregular  aperture  at  d,  and  isolated  cavities  at  cc  c,  and,  when  we 
compare  such  figures  with  nature^  we  find  that,  with  certain  modi- 
fications^ they  represent  the  interior  of  fauks  and  mineral  veins. 
If^  instead  of  sUding  the  cut  paper  to  the  right  hand^  we  move  the 
lower  part  towards  the  left^  about  the  same  distance  that  it  was 
previously  slid  to  the  righf,  we  obtain  considerable  variation  in  the 
cavities  so  produced,  two  long  irregular  open  spaces^  c  c  (6g.  56) 
being  then  formed.  This  will  serve  to  show  to  what  slight  cir- 
cumstances considerable  variations  in  the  character  of  an  opening 
between  the  unevenly-fractured  surfaces  of  a  fissure  may  be  due, 
such  surfaces  being  moved  upon  each  other  so  as  to  have  numerous 
points  of  contact.  The  fractures  would,  of  course,  be  more  eom- 
pUcated  among  rocks  than  those  above  sketched,  the  irregularities 
of  the  sides  being  in  all  directions,  and  it  being  highly  iroprobabk 
that  fragments  of  the  shattered  sides,  of  various  dimensions,  were 
not  interposed  between  them,  while  others  C^  forwards  into  the 
fissures,  producing  a  compHcation  of  cavities. 

When  we  regani  the  general  contents  of  fissures,  whether  they 
be  known  by  the  name  of  faults,  nuneral  veins,  branches,  or  strings, 
we  are  struck  with  the  fact  that  the  most  abundant  non-metallic 
mineral  substances  in  them  coincide  with  the  principal  mineral 
character  of  the  mass  of  rocks  traversed;  thus,  in  districts  where 
silica  is  the  prevailing  substance,  such  as  in  granites,  a  great 
variety  of  slates,  &c.,  quartz  is  common ;  in  calcareous  countries 
carbonate  of  lime  is  abundant,  and  in  gypsiferous  districts  sele- 
nite  and  common  sulphate  of  lime  are  far  from  scarce.     There  is 
an   evident  connexion  between  the  most  abundant  contents  of 
fissures,  taken  as  a  mass,  and  the  chemical  character  of  the  rocks 
in  which  they  occur,  and  the  smaller  the  fractures  the  more  ap- 
parent this  fact  becomes,  so  that  it  would  be  a  matter  of  consi- 
derable surprise  to  find  carbonate  of  lime  the  most  abundant 
substance  in  the   small  veins  running   through  the  granite  of 
Cornwall  and  Devon,  while  it  would  cause  equal  surprise  to  see 
the  small  veins  in  the  carboniferous  limestone  of  Somersetshire, 
Derbyshire,  and  Yorkshire,  principally  composed  of  quartz.    In 
districts  where  calcareous  matter  constitutes  a  sknall  portion  of 
the  country  traversed  by  a  fissure,  we  should  expect  to  find  quarti 
veins  traversing  limestone,  and  accordingly,  at  Veryan  and  some 
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Other  places  in  Cornwall  and  Devon,  where  limestone  occurs  as  a 
very  sabordinate  portion  of  rocks  chiefly  formed  of  silicates,  we 
find  the  principal  veins  traversing  the  limestone  composed  of 
quarts,  while  the  smaller  strings  and  branches  are  nearly  alto- 
gether formed  of  carbonate  of  lime. 

Modifioadons  of  various  kinds  would  necessarily  be  produced 
from  local  causes,  but,  with  the  main  facts  before  us,  there  can  be 
little  hesitation  in  considering  that  at  least  a  large  part  of  the 
non-mechanical  and  non-metallic  contents  of  fissures,  by  whatever 
name  the  latter  may  be  known,  may  be  derived  from  the  mass  of 
adjacent  rocks,  the  principal  chemical  character  of  which  impresses 
a  corresponding  character  upon  them. 

The  contents  of  faults  and  fissures  not  worked  for  profitable 
purposes  are,  in  the  area  under  consideration,  seldom  well  ex- 
hibited, except  in  the  cliffs,  where  ample  opportimities  are  afforded 
for  obsenring  them.  In  the  cliffs  of  Middle  Hope  Hill,  Worle 
Hill,  and  Brean  Dovm,  near  Weston-super-Mare,  numerous  fis- 
sures in  the  carboniferous  limestone  are  filled  by  calcareous  spar. 
Galena  has  been  worked  for  profitable  purposes  in  the  Mendip 
Hills,  the  geological  continuation  of  those  above  mentioned,  but 
hitherto  no  great  quantities  of  lead  have  been  raised.  Tins  ore 
is  generally  associated  with  carbonate  of  lime,  which  for  the  most 
part  occurs  in  the  plombiferous  and  other  fissures,  when  they  are 
not  small  cracks,  in  a  series  of  layers  of  crystab  parallel  to  their 
vaUs,  occasionally  leaving  druses,  or  vugs,  as  the  Cornish  miners 
wodd  tenm  them,  in  the  central  parts,  as  is  represented  beneath 

Fig.  57. 

c  a 


(fig.  57),  a  b  being  a  line  of  fissure ;  d  d,  carboniferous  limestone ; 
and  c  c,  layers  of  calcareous  spar  crystals,  the  axes  of  which  are 
nearly  perpendicular  to  the  walls  of  the  fissure. 
At  Worle  Hill  and  Bleadon  Hills,  carbonate  of  zinc  (calamine) 
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has  been  obtained  in  profitable  quantities ;  but,  as  the  working  of 
this  ore  has  for  some  time  been  discontinued,  there  is  much  diffi- 
culty in  obtaining  correct  information  as  to  its  exact  mode  of 
occurrence.  It  is  stated  to  be  found  in  bunches  in  cavities  of  the 
limestone;  but  at  Worle  Hill,  above  Milton,  and  on  Bleadon 
Hill,  above  Hutton  Wood,  such  bunches  have  much  the  appear- 
ance of  occurring  in  lines  of  mineral  veins  or  lodes,  running  in  a 
direction  a  few  degrees  to  the  S.  of  W.  and  N.  of  E. 

In  the  faults  on  the  coast  near  Little  Stoke,  which  traverse  lias, 
and  in  those  near  Watchet,  which  cross  both  lias  and  the  upper 
beds  of  the  red  sandstone  series,  we  find  calcareous  matter,  more 
particularly  in  the  lias,  independently  of  clayey  substances,  usually 
washed  out  where  the  sea  has  free  access  to  the  faults,  with  a 
mixture  of  gypsum  or  selenite  among  those  portions  which  tra- 
verse or  are  near  the  variegated  or  red  marls.  Sulphate  of 
strontian  is  found,  though  very  rarely,  in  the  fissures  of  the  va- 
riegated marls  precisely  as  it  occurs  at  Aust  Passage,  higher  up 
the  Bristol  Channel. 

On  the  southern  coast  the  contents  of  the  faults  in  the  lias  are 
highly  instructive.  Calcareous  spar,  as  might  be  expected,  is 
somewhat  common,  particularly  in  the  small  cracks,  becoming 
crystallized  in  the  cavities  or  vugs.  Bisulphuret  of  iron  (iron 
pyrites)  is  also  not  unfrequent,  and  its  mode  of  occurrence  re- 
minds the  geologist  forcibly  of  that  of  the  same  mineral,  and  of 
bisulphuret  of  copper  in  the  mineral  veins  of  Cornwall,  the  one 
being  a  miniature  representation  of  the  other.  The  bisulphuret 
of  iron  occurs  here  and  there  in  bunches  in  the  little  veins  of  the 
lias,  crystallizing  in  the  cavities  where  such  present  themselves. 
Bisulphuret  of  iron  is  more  common  in  the  fissures  where  the 
neighbouring  rocks  contain  much  iron  pyrites,  a  very  common 
mineral  in  part  of  the  Has  of  Lyme  Regis.  Aniong  the  fissures 
and  smaller  cracks  of  the  same  coast,  in  the  direction  of  Axmoulh, 
where  faults  traverse  the  variegated  marls,  they  contain  much 
selenite  and  common  gypsum^  and,  still  further  westward,  celestine 
is  detected  in  one  or  two  gypsiferous  fissures. 

The  faults,  which  are  so  numerous  in  the  coast  formed  of  tlie 
red  sandstone  series  from  Beer  to  St.  Mary  Church  (Torquay),  are 
chiefly  filled  by  clayey  or  earthy  substances,  containing  calcareous 
matter  in  a  few  places  between  Dawlish  and  Teignmouth.  The 
fissures  in  the  limestones  near  Torquay  and  on  the  southern  side 
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of  Torfaay,  are  chiefly  filled  with  carbonate  of  lime^  so  that  a 
quartz  vein  at  Saltern  Cove,  traversing  shales,  immediately  be- 
neath the  limestones  at  that  place,  strikes  the  attention  more  than 
it  would  otherwise  do. 

From  Minehead  on  the  north,  and  Dartmouth  on  the  south, 
the  coasts  to  the  westward  are  formed  of  little  else  than  rocks 
composed  of  siliceous  minerals,  a  few  subordinate  limestones 
included  among  them  being  the  chief  exceptions^  Throughout 
thiB  long  line  of  coast,  with  the  exception  of  the  serpentine  and 
diaUage  rock  of  the  Lizard  district,  fissures  of  various  dimensions, 
filled  wholly  or  in  part  by  quartz,  are  innumerable,  sometimes 
cementing  fragments  of  the  adjoining  rocks,  sometimes  extending 
from  wall  to  wall,  and  at  others  forming  a  series  of  crystallised 
layers  like  the  carbonate  of  lime,  noticed  above  (p.  319)  as  occur- 
ring in  the  limestones  of  Weston-super-Mare  and  Torbay. 

That  water  in  the  shape  of  springs  is  more  or  less  charged  with 
foreign  matter  is  a  iact  too  well  known  to  be  insisted  on,  and  it  is 
equally  well  understood  that,  if  water  percolate  slowly  through 
rocks,  the  foreign  matter  so  contained  in  the  spring  waters  will  in 
a  great  measure  agree  with  the  principal  soluble  substances  con- 
tained in  the  rock.  Fissures  being  therefore  formed  in  any  rock 
of  given  chemical  composition,  the  water  in  such  fissures  would 
contain  foreign  substances  in  it  according  to  the  chemical  com- 
position of  the  containing  rock,  and  we  should  expect,  from  any 
cause  which  would  produce  a  deposit  from  the  water,  that  the 
substances  thrown  off  on  the  walls  of  the  cavity  would  be  com- 
pounds  of  those  contained  in  the  adjoining  rock,  supposing  the 
fissure  to  be  so  situated  that  water  derivea  from  other  sources  did 
not  enter  it.  Much  would  necessarily  depend  upon  the  latter  con- 
dition^ so  that  in  a  large  fissure  traversing  many  rocks  of  different 
chemical  compositions,  the  deposits  in  it  might  be  very  compli- 
cated, while  in  the  respective  different  rocks  the  minor  cracks  in 
each  would  in  a  great  measure  be  filled  by  substances  derived 
from  each  alone. 

There  will  probably  be  little  difiiculty  in  considering  the  non- 
mechanical  contents  of  the  various  fissures  and  cavities,  above 
noticed,  as  deposits  from  aqueous  solutions  contained  within  them, 
each  deposit  being  characterised  according  to  the  conditions  to 
which  it  has  been  exposed.  Faults  are  well  known  to  be  gener- 
ally 8o  full  of  water  that  the  lines  of  springs  thrown  out  along 
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their  oourses  afford  the  geologist  considerable  facilities  in  tradng* 
them,  and  water  is  so  disseminated  through  rocks  that  they  may 
always  be  considered,  while  forming  part  of  the  solid  ground,  as  in 
a  moist  state,  some  being  more  replete  with  moisture  than  othefs. 
Hence,  by  means  of  the  porosity  of  rocks,  and  of  the  fissures  that 
traverse  them,  and  which  vary  from  many  feet  in  width  to  mere 
cracks,  water  containing  a  variety  of  substances  in  solution  is  in- 
termingled with  the  solid  parts  of  the  earth's  crust. 

This  is  a  state  of  things  highly  favourable  to  the  transmission 
of  mineral  matter  in  solution  from  one  place  to  another ;  and  also, 
as  Mr.  Pox  observes,  to  electro-chemical  action,  the  rocks  "con- 
taining different  saline  solutions  and  metalliferous  substances,  in 
contact  with  water,  charged  in  many  instances  with  other  salts/'* 
Hence  a  variety  of  effects  depending  on  electro-chemical  action 
may  be  produced,  and  substances  transferred  from  one  part  of  a 
series  of  moistened  rocks  to  another.  We  have,  therefore,  in  a 
fissure  filled  by  water  among  rocks  a  receptacle  for  a  variety  of 
mineral  deposits,  the  character  of  which  will  depend  upon  the 
conditions  under  which  the  fissure  eidsts. 

When  we  direct  our  attention  to  the  manner  in  which  the 
contents  of  the  mineral  veins  of  Cornwall  and  Devon  occur,  we 
are  soon  struck  with  the  general  resemblance  it  bears,  more  par* 
ticularly  in  the  slate  districts,  to  that  observable  in  ccmunon 
fissures  and  faults.  The  layers  parallel  to  the  sides  of  the  in- 
cluding fissure  in  some,  the  irregularly  mixed  substances  in 
others,  and  the  cavities  of  various  sizes,  usually  lined  by  some 
crystalline  mineral,  at  once  recall  to  our  attention  the  contents 
of  non-metalliferous  fissures  and  faults,  and  when  to  this  we 
add  the  fragments  of  the  adjoining  rocks,  cemented  by  the  non- 
mechanical  substances,  the  general  resemblance  becomes  ex- 
ceedingly striking. 

The  mechanical  contents  of  the  mineral  veins  of  Cornwall  and 
Devon  are  far  more  abundant  than  seems  to  be  commonly  sap* 
posed,  for  there  are  very  few  mines  from  which  the  Survey  has 
not  obtained  proofs  of  their  existence  in  the  lodes  worked.  The 
slate  and  quartz  pebbles  of  Relistran  mine  cemented  by  oxide  of 
tin  and  bisulphuret  of  copper  have  long  been  known.  Mr.  Came 
states  that  they  occurred  at  the  depth  of  600  feet  below  the  sur- 
face in  the  tin  lode,  the  mass  being  about  12  feet  in  lengthy  and 

*  Obsenrations  on  Mineral  V«uui.  Report  of  the  Royal  Polytechnic  Society  of 
Cornwall  for  1836,  published  in  1837. 
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as  many  in  width  and  thickness^  scattered  pebbles  being  found  in 
the  vein  far  beyond  these  boundaries.*  It  has  been  doubted  that 
these  are  true  pebbles;  those  specimens^  however^  which  the 
Survey  procured  firom  various  sources,  some  from  Mr.  Came 
himself,  can  leave  little  doubt  on  the  subject,  more  especially  as 
rounded  pebbles  of  quartz  are  mixed  up  with  those  of  the  slates, 
which  are  also  most  clearly  seen  to  be  such.  In  the  Wheal 
Badger  lode,  near  Relistran,  pebbles  of  granite  are  mixed  with 
others  of  slate  and  quartz  ^f  and  Mr.  Came  mentions  pebbles 
having  been  found  in  the  tin  lode  of  Ding  Dong  mine,  near  Pen* 
zance,  and  in  the  upper  lode  of  Wheal  Alfred,  near  6uinear.| 
Breccia  lodes,  or  those  in  some  parts  of  which  angular  fragments 
of  the  adjoining  rocks  are  cemented  by  different  substances, 
metallic  or  otherwise,  are  very  common,  and  it  is  merely  neces- 
sary to  watch  the  contents  of  the  lodes  brought  to  the  sur* 
face,  or  laying  about  the  ground  in  the  mines  of  Cornwall  and 
Devon,  to  feel  assured  that  they  are  so.  Among  the  examples  of 
breociated  lodes  observed  during  the  Survey  may  be  noticed—* 
Fragments  of  slate  cemented  by  quartz  and  yellow  copper  ore 
from  the  principal  lode  at  Consols  mines,  Gwennap ;  angular 
portions  of  slate  cemented  by  yellow  copper  ore  at  the  United 
mines^  Grwennap ;  fragments  of  slates  united  by  yellow  copper 
ore  and  quartz.  Wheal  Trenwith,  St.  Ives;  fragments  of  slate  ce- 
mented by  oxide  of  tin  and  yellow  copper  ore,  Wheal  Fortune, 
near  Marazion ;  angular  portions  of  slate  joined  by  oxide  of  tin, 
PerranuthiK)  Downs,  near  St.  Hilary ;  fragments  of  slate  cemented 
by  yellow  copper  ore.  Wheal  Jane,  near  Helston ;  angular  por- 
tioDs  of  slates  united  by  yellow  copper  ore  and  quartz,  Fowey 
Consols  naines;  fragments  of  slates  joined  by  yellow  copper  ore 
at  East  Crinnis  mine;§  angular  portions  of  slate,  yellow  copper 
and  sulphuret  of  zinc  cemented  by  pearl  spar  or  carbonate  of  iron, 
at  Binner  Downs  mines,  near  Crowan,  &c.,  &c.  Among  the 
rarious  instances  of  the  mixture  of  fragments  of  the  adjoining 
country  with  ores  in  the  lodes  of  Cornwall  and  Devon,  which 

*  CanM,  Trail*,  of  GeoL  Soc  of  Cornwall,  yol.  iii.  p.  238. 

t  Gfaoite  is  found  in  this  lode,  or  rather  in  its  continuation. 

t  H.  Fonrnel  (Etudes  sur  lea  Depots  M^talliferes,  Daubutsson,  Traits  de  Geog- 
oo»ie,  tome  iii..  p.  411)  notices  pebbles  of  gneiss  in  the  lode  at  Joachimsthal  at 

\  Captain  Banett  states,  in  a  communication  to  Mr.  Fox,  that  in  the  lodes  of 
East  Crinnis  portions  of  the  adjoining  rocks  are  mixed  up  with  their  other  contents 
tfanmghoiit  every  portion  of  them. 
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have  come  to  the  knowledge  of  the  Survey^  that  which  was  ob- 
served in  the  Consols  mines^  Gwemiap,  in  1830  and  1832,  is 
among  the  more  remarkable.  Captain  William  Penrose^  who  then 
worked  at  the  back  of  the  135  fathom  levels  at  Frances  shaft, 
states  to  Mr.  R.  Fox  that  at  that  place  for  more  than  twenty-five 
fathoms  in  length  and  fifteen  fathoms  in  height,  the  lode  was  from 
eight  to  twelve  feet  wide,  and  full  of  fragments  and  copper  ore, 
some  of  the  fragments  of  slate  weighing  several  tons,  and  occur- 
ring, as  to  the  position  of  their  laminie,  in  all  directions.  He 
also  states  that  many  of  these  masses  and  smaller  stones  had  the 
appearance  of  having  been  washed  by  a  flow  of  water.  Above 
this  mixed  mass*  and  in  the  level  above,  a  great  cavity  or  vug  was 
found  many  fathoms  in  length  and  height,  from  whence  it  was 
conjectured  the  fragments  beneath  had  fallen.  It  is  unfortu- 
nately not  stated  whether  any  copper  ore  actually  cemented  the 
fragments,  or  whether  the  copper  ore  so  found,  which  was  esti- 
mated at  about  1600  tons,  was  altogether  in  fragments,  the  whole 
forming  a  comparatively  modem  condition  of  the  lode. 

Mr.  John  Rule  describes  a  cavern  in  Dolcoath  mine  discovert 
in  November,  1814,  at  the  depth  of  1020  feet  from  the  surface. 
It  was  of  an  irregular  form,  from  100  to  120  feet  long,  18  feet 
high,  and  from  4  to  9  feet  wide ;  in  the  lower  part  fragments  of 
rock  were  wedged  together  between  the  walls,  the  spaces  between 
which  communicated  with  other  cavities  beneath.  There  was  much 
carbonic  acid  gas  in  the  cavern  which  extinguished  flame.* 

It  would  appear  from  the  general  information  we  have  received, 
that  fragments  of  the  adjoining  rocks  in  the  body  of  the  lode  aie 
more  frequently  seen,  as  might  be  expected,  when  the  dip  of  the 
fissure  was  somewhat  inclined,  than  when  the  latter  appn>ached 
a  vertical  position.    By  attention  to  the  position  of  some  of  the 
fragments  in  the  large  masses  occasionally  brought  to  the  surface, 
it  would  appear  clear  that  the  fragments  in  a  given  lode  were  not 
introduced  into  it  all  at  one  time,  since,  though  a  complete  brecda 
not  unfrequently  occurs,  fragment  touching  fragment,  the  inter- 
stices only  between  them  being  filled  by  copper-ore,  tin-oi«,  iron 
pyrites,  quartz,  or  other  substances,  single  fragments  may  not  un- 
frequently be  seen  surrounded  by  sud^  substances,  without  con- 
tact with  any  other  fragment,  as  if  it  had  dropped  from  the  sides 
of  the  fissure  while  the  quartz,  the  sulphurets  of  copper,  iron,  &c., 
*  Trans.  G«ol.  Soc,  Cornwall,  vol.  i.  |i.  225. 
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were  in  the  course  of  deposition^  and  one  fragment  may  be 
sometimes  seen  above  another  as  if  it  had  fallen  at  a  subsequent 
period  In  addition  to  which,  fragments  are  included  between 
the  nearly  vertical  plates  of  lodes,  in  a  manner  that,  supposing 
sudi  plates  or  combs,  as  they  are  often  termed  by  the  Cornish 
nunere,  to  have  been  deposited  at  different  times^  the  fragments 
in  them  must  also  have  fallen  at  different  times. 

The  other  contents  of  lodes,  which  may  for  convenience  be 
teraied  chemical  in  contradistinction  to  the  mechanical   parts 
above  noticed,  offer  a  great  variety  of  character.     As  regards  the 
metalUfenms  part,  very  erroneous  impressions  seem  to  prevail  out 
of  the  mining  districts  of  Cornwall  and  Devon  respecting  its 
mode  of  occurrence  in  those  districts.     Instead  of  forming  lines 
in  the  metalliferous  veins  or  lodes  throughout  their  whole  extent, 
they  occur  in  what  the  miners  term  *  bunches,*  in  patches  of  va- 
rious sizes  and  shapes,  very  rarely  for  considerable  distances  even 
in  rich  lodes,  when  such  are  of  tolerable  width,  occupying  the 
whole  space  between  the  walls,  but  being  mixed  up  with  a  variety 
of  otbersubstances,  the  principal  part  of  whidi  is  frequently  quartz. 
By  reference  to  the  accompanying  sections  of  Dolcoath   mine 
(plates  8  &  9)  irregular  dark-shaded  portions,  whence  the  bunches 
of  ore  have  been  extracted,  will  readily  be  seen,  it  being  supposed 
in  these  sections  that  one  wall  of  the  lode  is  removed,  and  the 
contents  of  the  lode  itself  as  regards  the  occurrence  of  the  ores 
sought,  and  those  portions  which  are   unprofitable,  brought  to 
new,  the  various  adits  and  shafts,  cut  into  the  country  and  lode, 
to  extract  the  useful  part  of  these  contents,   being  also   repre- 
sented    It  will  at  once  be  observed  that  the  proportion  which 
the  bunches  of  ore,  even  in  this  mine,  whence  such  large  quan- 
tities of  ore  have  been  extracted,  bear  to  the  unprofitable  parts  of 
the  rein,  are  by  no  means  so  great  as  might  at  first  be  supposed. 
It  may  here  be  remarked,  that  if  a  great  tabular  view  were  pre- 
pared of  the  Cornish  and  Devon  mines,  excluding  those  which 
have  been  merely  worked  for  the  purpose  of  deceiving  unwary 
adventurers,  but  including  those  which  have  once  been  profitable 
mines,  though  now  valueless,  a  very  different  estimate  of  the 
proportion  which  the  ores  of  the  usefiil  metals  bear  to  the  pro- 
Ueis  part  of  mineral  veins  would  prevail  than  now  appears  to 
be  current. 

Where  the  discovery  of  these  '  bunches  *  is  of  so  much  import- 
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ance,  it  has  necessarily  become  the  study  of  the  miner  to  ascer- 
tain those  circumstances  which  may  ordinarily  accompany  the 
lodes  in  which  they  are  found,  so  that  when  he  is  in  search  of  the 
really  metalliferous  portions  of  a  lode  both  time  and  money  may 
be  directed  with  the  best  chance  of  success.  A  great  variety  of 
facts  have  in  consequence  been  brought  to  light,  highly  important 
both  as  regards  science  and  its  applications.  It  has  been  found 
that  the  per  centage  of  cases  is  considerable  where  an  iron- 
ochreous  substance,  named  *  Gossan^  prevails,  and  copper  ore  is 
connected  with  it,  and  it  may  be  said  that  the  instances  are  very 
rare  where  copper  ore  is  found  in  fair  quantity  in  a  lode  without 
gossan  having  been  discovered  on  the  '  back '  or  upper  part  of 
that  lode.  This  gossan,  which  is  generally  mixed  with  quartz 
and  other  mineral  substances,  among  which  the  oxide  of  tin  fre- 
quently occurs,  differs  much  in  general  aspect,  and  the  expe- 
rienced eye  of  the  miner  readily  detects  that  character  which 
is  most  indicative  of  a  good  copper  lode,  though  it  is  one  that 
can  scarcely  be  expressed  in  writing.  Respecting  the  tin  in  the 
gossan,  it  is  well  known  that  the  backs  of  many  copper-lodes 
have  in  ancient  times  been  worked  for  that  metal,  so  that  the 
upper  part  of  many  a  copper-lode  has  been  worked  as  a  tin-lode. 
Mr.  Carne  notices  Wheal  Damsel  and  Wheal  Spinster  copper^ 
mines  as .  instances  where  the  upper  part  of  the  lode  was  taken 
away  for  the  tin  which  they  contained.  *'  The  granite  walls  of 
the  lode  are  still  visible,"  he  remarks,  ''  at  the  sur&oe  and  to  the 
depth  of  three  or  four  fathoms,  having  a  space  of  about  four  feet 
between  them.  It  is  probable  that  if  the  rubbish  were  taken 
away  the  space  would  be  found  to  extend  to  the  depth  perhaps  of 
ten  fathoms,  or  as  deep  as  the  ancient  miners  could  go  without 
being  obstructed  by  water.  From  this  space  the  fine  gossan  of 
the  copper-lode  was  wholly  taken  away,  and  the  tin-ore  extracted 
fix>m  it"*  The  same  author  states  that  gossan  has  been  worked 
for  the  sake  of  its  tin,  within  the  recollection  of  some  of  the  oldesit 
miners  living,  at  the  time  he  then  wrote  (1827)  f 

It  thus  appears  that  an  oxide  of  iron,  generally  mixed  with 
the  oxide  of  tin,  is  found  in  the  mineral  veins  of  Cornwall  and 
Devon  very  commonly  above  the  copper-ores,  which  are  usually 

•  Canie,  on  the  Copper  Mining  of  Cornwall,  Trana.  Qeol.  Soc'of  Cornwall,  vol. 
iii.  p.  37. 
tib. 
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siilphureU  suid  bi-sulpfaurets,  most  frequently  the  latter,  and  it 
may  be  stated  that  for  the  most  part  the  latter  ores  do  not  occur 
very  near  the  surface,  being  covered  by  gossan,  quartz,  and  other 
substances  to  the  depth  of  many  fathoms. 

The  bunches  of  tin-ore  occur  much  in  the  same  way  as  to  their 
distribution  among  the  quartzose  and  other  parts  of  a  lode  as 
those  of  copper,  and  it  may  be  said  that  though  very  valuable  tin* 
mines  have  been  worked  in  slate,  as  for  instance.  Wheal  Vor, 
Polgooth,  and  at  St  Agnes,  the  lodes  in  granite  where  tin  occurs 
are  more  numerous  than  those  where  the  same  metal  is  found  in 
the  slates,  particularly  where  the  latter  are  not  traversed  by 
elvans.  It  is  rarely  that  any  thing  which  could  be  termed  gossan 
is  seen  above  a  tin  lode  where  copper  does  not  occur  in  some 
abundance,  but  the  connexion  between  schorl  and  the  oxide  of 
tin  in  the  granitic  districts  is  very  marked,  and  schorl  is  a  very 
common  ingredient  in  tin-lodes  in  such  localities,  the  minor 
strings  and  branches  being  often  composed  of  quartz,  schorl,  and 
oxide  of  tin. 

Tile  sulphuret  of  zinc  (black  jack  of  Cornish  miners)  seems 
abo  to  occur  in  bunches,  being  very  frequently  associated  with 
the  sulphuret  and  bi-sulphuret  of  copper,  with  the  sulphuret  of 
lead,  and  more  rarely  so  with  the  oxide  of  tin.  Not  being  an  ore 
worth  raising  for  profitable  purposes  at  present,  though  it  is  one 
of  the  most  abundant  in  Cornwall,  its  mode  of  occurrence  when 
not  associated  with  the  ores  of  copper,  tin,  or  lead,  is  less  a  matter 
of  inquiry  among  the  miners  than  it  otherwise  would  be.  The 
lead  of  Cornwall  and  Devon  would  appear  also  to  occur  in  isolated 
patches  in  the  fissures,  whether  they  be  termed  lodes  or  cross 
courses,  so  that  the  ores  of  tin,  copper,  zinc,  and  lead,  are  not 
disseminated  through  all  parts  of  the  fissures  in  which  they  are 
found,  but  are  gathered  together  in  patches,  commonly  known  by 
the  name  of  '*  bunches  ofore^  the  intervening  portions  between 
these  bunches  frequently  containing  strings  and  specks  of  ore,  in 
quantities  too  small  to  be  profitably  worked,  yet  sufficient  to  keep 
up  the  metalliferous  character  of  the  fissure. 

With  regard  to  the  occurrence  of  these  bunches  of  ore,  many 
&cts  have  of  necessity  been  brought  to  light  where  the  search  for 
them  has  been  so  constant  and  so  long  continued  as  in  Cornwall. 

We  have  before  observed  (p.  286)  that  the  bunches  of  tin  or 
copper  are  larger  or  more  frequent  in  the  lodes,  generally,  within 
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moderate  distances  of  the  junction  of  the  slates  and  granites^  or 
where  the  former  are  traversed  by  elvan  courses.  Various  local 
causes^  many  of  which  it  will  require  far  more  attention  to  the 
apparently  minor  circumstances  in  lodes  than  is  now  given  fully 
to  appreciate^  have  so  acted  that  while  the  bunches  of  ore  are 
sometimes  more  abundant  in  the  p^ranite^  at  others  they  are  more 
abundant  in  the  slate,  even  where  the  lodes  in  which  these  facts 
are  observable  are  not  far  distant  from  each  other.  Of  this,  the 
tin  mines  of  Wheal  Vor  and  Great  Work,  near  Breague,  are  often 
quoted  as  good  examples.  In  both  cases  the  fissures  forming  the 
lodes  traverse  the  same  granite  and  slate,  are  nearly  parallel 
to  each  other,  most  probably  belong  to  the  same  system  of  dis- 
locations, and  are  only  a  mile  apart ;  yet  at  Wheal  Vor  the  lode 
which  contained  so  much  tin  ore  in  the  slates,  held  so  little 
where  it  entered  the  granite,  as  not  to  be  worth  working,  while  at 
Great  Work  the  lode  which  was  so  rich  in  the  granite  became 
worthless  where  it  entered  the  slates.  The  principal  diflference  in 
the  two  mines  is  that  an  elvan  was  traversed  by  the  lode  at  Wheal 
Yor  while  in  the  slates,  which  did  not  happen  in  the  slate  near 
Great  Work.  The  lode  at  Wheal  Vor  was  improved  in  value 
where  the  elvan  occurred,  but  there  was  an  abundance  of  oxide  of 
tin  in  it  in  other  parts  of  the  fissure.  We  should,  however,  with 
respect  to  the  elvan,  still  recollect  that  it  continued  to  run  near 
the  lode  for  a  considerable  distance. 

When  we  advert  to  the  little  attention  usually  paid  in  the  Cornish 
and  Devon  mines  to  those  facts  which  are  not  very  glaringly  con- 
nected with  profit,  and  the  absence  of  any  institution  or  establish- 
ment, such  as  a  school  of  mines,  where  a  variety  of  circumstances 
connected  with  the  occurrence  of  ores  in  large  masses  yet  not 
strikingly  obvious,  can  be  chronicled  and  classified  for  future 
generalization,  we  shall  not  long  remain  surprised  that  the  above 
and  other  supposed  anomalies  present  themselves.  Certain 
general  views  on  the  occurrence  of  the  bunches  of  ore,  founded 
on  experience,  and  transmitted  orally  from  generation  to  genera- 
tion are  disseminated  among  the  miners ;  but  hitherto  there  has 
been  less  of  general  science  introduced  from  without  into  this  ni^ss 
of  practical  knowledge  than  might,  at  first  sight,  have  be^i  ex- 
pected. 

Not  many  years  have  elapsed  since  it  was  held  good  doctrine  that 
no  copper  ore,  in  profitable  quantity,  could  be  found  eastward  of 
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Tniro  Bridge,  and  the  existence  of  such  mines  as  Crinnis  has  been, 
and  Fowey  Consols  now  is,  would  have  been  considered  highly 
improbable,  and,  consequently,  it  would  have  been  thought  a 
wanton  waste  of  capital  to  have  embarked  in  the  search  for  copper 
in  that  neighbourhood ;  yet  a  very  ordinary  amount  of  geological 
research  would  make  it  appear  that  the  conditions  accompanying 
mmy  of  the  lodes  near  St.  Austell  were  very  sinular  to  those  in 
the  great  cupriferous  district  of  Gwennap.  To  show  how  gradu- 
ally even  great  leading  facts  become  known,  it  may  be  stated  that 
many  of  the  miners  of  the  present  day  remember  the  time  when, 
although  copper  ores  were  ascertained  to  have  been  profitably 
worked  in  some  mines  in  granite,  such  as  Dolcoath,  Cook*s  Kitchen, 
and  others,  still  granite  was  not  reckoned  a  good  rock  for  copper 
ores,  and  many  persons  have  stated  to  us  that  they  would  not, 
some  years  since,  have  thought  very  favourably  of  a  copper  lode  in 
granite.  Now,  however,  we  find  one  of  the  best  copper  mines  in 
Cornwall,  Tresavean,  wholly  in  this  rock,  the  lode  becoming,  it  is 
conadered,  profitless  where  it  quits  the  granite  and  passes  through 
the  slate  resting  upon  it.  The  mass  of  ore  in  this  mine  is  found  in 
the  granite  running  beneath  the  junction  line  of  the  latter  and  the 
superincumbait  slates,  a  fact  also  observable  to  a  great  extent  at 
Wheal  Jewel  in  the  same  neighbourhood.*  In  many  other  mines 
copper  ore  has  been  plentifully  obtained  in  granite  (Penstruthal, 
Cambrea^  Wheal  Gorland,  Gunnislake,  &c.),  though  hitherto  at 
no  considerable  distance  from  its  junction  with  the  slates,  wherein 
it  (fiffers  from  tin  ore,  which  has  been  profitably  worked  (Ding 
Dong,  Beam  mine,  &c.)  as  regards  horizontal  exposure,  in  the 
interior  of  granitic  masses.f 

The  connexion  between  bunches  of  tin  and  copper  ore  in 
fasuies,  and  those  places  where  the  latter  traverse  the  elvans  is, 
riewing  the  subject  on  the  large  scale,  of  the  most  marked  kuid, 

•  11^456  tons  of  copper  ore,  worth  86,010/.,  were  laised  at  Tresavean  in  the  year 
cMfiiig  Slat  December,  1836,  and  4,464  tons,  worth  45,079/.,  from  Wheal  Jewel  in 
the  same  year. 

f  Mr.  Came  states  that  in  Treskeiby  and  Wheal  Gorland  the  copper  lodes  im- 
prated  in  Taloe  wheie  they  entered  the  granite,  but  that  in  Wheal  Unity,  Cook'S' 
'^■trhtiti,  and  Dolcoath,  scarcely  any  alteration  was  perceptible.  The  same  author 
•bKires  that  in  Botallack,  Huel  Cock,  and  other  mines  in  St.  Just,  the  copper 
Ubb  were  more  productive  in  the  slate  than  in  the  granite,  but  they  were  richest  in 
tbc  fine  of  jimction,  espedaUy  where  one  wall  was  granite  and  the  other  slate.— 
Oalke  Vctns  of  Cornwall,  Trans.  Qeol.  Soc  of  Cornwall,  toL  ii.,  p.  103. 
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and  18  well  understood  by  the  practical  miners  of  Cornwall, 
though  it  has  not  hitherto  received  that  attention  among  the  scien- 
tific public  that  it  requires.  One  of  the  most  noted  examples  of 
this  fact  is  that  of  Wheal  Alfred,  near  Guinear.  This  mine  is  now 
abandoned,  but  the  following  are  the  principal  {ads  connected 
with  it* 

The  Elvan  dyke  a  b  (fig.  58)  is  about  three  hundred  feet  thick, 
having  a  direction  about  N.E.  and  S.W.,  and  dipping  N.W.  at  an 

Fig.  58. 


SUle. 


angle  of  45^.  The  lode  c  d,  which  dips  at  an  angle  of  72°  to  the 
north,  traverses  the  elvan  obliquely  in  its  descent  aXef.  This  lode 
produced  some  ore  while  in  the  slate,  but  upon  entering  the  elvan 
a  &  it  became  much  richer,  and  increasing  in  value  in  the  same 
rock,  it  yielded  ore  sufficient  to  afford  a  profit  of  140,000/*  to  the 
adventurers.  After  quitting  the  elvan  at  /,  and  upon  entering 
the  slate  or  killas/d,  the  lode  became  poor,  and  eventually  the 
mine  was  abandoned  from  poverty.  The  width  of  the  lode  was 
from  six  to  nine  feet  in  the  slate  above  the  elvan,  increasing  in  the 
latter  to  twenty-five  feet,  but  decreasing  in  the  slate  beneath  to 
ten  feet 

The  value  of  elvan  dykes  in  connexion  with  lodes  can  be  well 
seen  in  the  vicinity  of  Marazion,  where  the  latter  often  cross  the 
former,  so  that  die  localities  where  the  traverses  take  place  are 
well  marked,  and  are  generally  found  to  be  productive  of  the  ores 
of  copper  and  tin  (Wheal  Darlington,  Marazion  mines»  Gwallon 
mine.  Wheal  Fortune,  Tregurtha  mine,  &c.).  By  a  glance  at  the 
map  of  Cornwall,  numerous  examples  will  be  observed  of  the 
intersection  of  elvan  dykes  and  lodes,  and  viewing  the  subject  on 

*  Carne,  Trans.  Geol.  Soc.  of  Cornwall,  vol.  i.  p.  101. 
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the  large  scale  the  per-centage  of  cases  id  considerable  in  which 
such  intersections  are  accompanied  by  bunches  of  ore  in  fair 
quantities.  It  is  true  that  a  lode  is  said  sometimes  to  be  split  up 
into  strings  under  such  circumstances^  and  consequently  from  the 
admixture  of  fragments  and  masses  of  the  elvan  among  the 
branches  of  the  lode,  it  is  then  said  to  be  impoverished.  Such 
cases,  when  minutely  inquired  into,  not  unfrequently  show  that  the 
ore  itself  is  abundant,  but  being  di£Bcult  to  separate  from  the 
body  of  the  rock  without  much  cost,  and  consisting  of  numerous 
small  strings,  the  whole  is  said  to  be  deteriorated,  because  it  is  so 
as  regards  the  profit  of  the  mine.  When  we  see  the  numerous 
divisional  planes  which  frequently  traverse  elvan  courses,  there  is 
little  difficulty  in  perceiving  that  if  these  planes  were  formed  prior 
to  the  fissures  of  the  lodes,  the  latter  in  passing  through  the 
elvans,  out  of  a  less  divided  rock  on  one  side  to  another  similarly 
circumstanced  on  the  other,  would  often  cause  a  separation  of 
many  of  the  solids  into  which  the  elvans  are  divided  by  the 
meeting  of  numerous  divisional  planes. 

Fig.  59. 


Let  a  b  (fig.  59)  be  a  country  composed  of  slate,  and  c  d 
an  elvan  coiH'se  with  a  very  jointed  structure,  then  a  fracture  being 
bnaed  across  both  the  rocks  it  would  probably  happen  that  when 
such  fracture  traversed  the  elvan  at  g  i,  there  would  be  consider- 
aUe  division  among  the  joints  of  the  elvan  in  the  line  of  disloca- 
tion, so  that  they  might  be  opened  from  each  other  to  the  amount 
of  the  wider  fracture  in  the  adjatent  rocks,  and  when  the  whole 
aftttwards  became  filled  with"  mineral  substances,  the  lode  e  f 
woald  be  apparently  divided  into  numerous  minor  portions  or 
strings  in  the  elvan  at  g  t. 

It  is  always  necessary  to  recollect,  that  elvans,  for  the  most  part» 
eoostitute  great  plates  of  granitic  or  porphyritic  matter,  filling  a 
previously  existing  fissure,  and  that  generally  there  is  slight  cohe« 
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sion  between  the  walls  of  the  containing  rock  and  theelvan,  so  that 
the  less  the  angle  at  which  a  line  of  fracture  strikes  the  course  of  the 
elvan^  the  greater  the  probability  that  it  may  open  out  the  wall  of 
the  elvan  and  the  containing  rock,  holding  its  course  between  them 
until  it  found  some  resistance,  leading  it  to  take  another  line. 
Let  a  b  (fig.  60)  be  an  elvan  traversing  any  given  kind  of  n>ck. 

Fig,  60. 


and  c  g-  a  fracture  proceeding  from  the  side  c;  then  this  line  of 
dislocation  when  it  reaches  the  elvan  at  d  may  readily  take  the 
line  of  the  wail  of  elvan  de,  bs  far  as  e,  where  supposing^  from 
accidental  circumstances^  the  resistance  to  be  less  in  die  direction 
e  g,  than  in  that  of  e  a,  we  may  consider  the  fracture  to  pass 
through  the  elvan  in  the  line  ef,  and  to  be  prolonged  in  the  direc- 
tion/g-,  if  the  line  of  least  resistance  should  there  present  itself. 

From  the  complicated  mode  in  which  lodes  are  sometimes  min- 
gled with  elvans,  it  is  essential  that  we  should  bear  these  and  other 
circumstances  of  the  like  kind  in  mind,  more  particularly  when  the 
subject  of  the  influence  of  elvans  on  the  metallic  contents  of  lodes 
is  under  discussion,  for  it  might  readily  happen  that  in  the  above 
figure  (fig.  60)  the  lode  might  have  been  rich  from  d  to  <;  be- 
tween the  elvan  and  the  adjoining  rock,  and  not  particularly  so 
in  the  elvan  itself  between  e  B.nd/,  so  that  in  answer  to  a  question 
whether  the  elvan  improved  the  lode,  the  reply  might  be  in  the 
negative.  Dowgas  mine,  near  St.  Austell,  aflForded  an  excellent 
example  of  a  good  lode  between  the  walls  of  an  elvan  and  the 
slate  of  the  adjoining  country.  Great  quantities  of  tin-ore  were 
raised  firom  the  lode  under  these  circumstances,  which  continued 
for  a  long  distance,  and  it  was  remarkable  as  Captain  Bennet  of 
St.  Mewan,  who  worked  in  the  mine  at  the  time  the  tin  was  ex- 
tracted, informed  us,  that  another  lode  ran  for  a  considerable  dis- 
tance on  the  other  side  of  the  elvan,  and  it  generally  happened 
that  when  a  good  bunch  of  tin  was  found  on  the  one  side  they 
also  foxmd  one  on  the  other  opposite  to  it. 

It  would  be  diflicult  to  select  a  district  where,  when  elvans  and 
tin  and  copper  lodes  occur  together,  the  former  are  not  found  in 
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connexion  as  a  whole  with  good  mines.  Captain  Jeffery  of  Wheal 
Jewel  has  remarked,  that  *'  most  of  the  ore  in  the  principal  mines 
in  Gwennap  (the  great  cupriferous  parish  of  Cornwall)  has  been 
found  in,  or  near,  large  elvan  courses ;  for  example,  Huel  Virgin, 
Huel  Maid,  Huel  Fortune,  Huel  Squire,  Poldory,  Ale  and 
Cakes,  Ting  Tang,  Poldice,  Huel  Unity,  Huel  Unity  Wood,  and 
other  mines."*  The  effect  of  elvan  courses  is  not  confined  to 
those  which  cut  through  slates,  though  it  is  more  obvious  in  such 
localities.  Elvan  is  found  in  connexion  with  the  great  copper- 
lode  in  granite  at  Tresavean,  and  not  unfrequenlly  elvan  courses 
in  granite  are  accompanied  by  oxide  of  tin,  such  for  instance  as 
that  of  Penstruthal,  on  the  south  of  the  copper-lode  at  that  mine, 
and  at  Porkellis,  on  the  north  of  Wendron.  Tin  ore  is  indeed 
very  frequently  met  with  in  connexion  with  elvans  among  slates, 
and  the  backs  of  these  dykes  may  not  unfrequently  be  seen  to 
have  been  torn  up  in  ancient  times  for  the  oxide  of  tin  in  connexion 
with  them,  when  the  ore  was  sufficiently  near  the  surface  to  pay 
for  working.  This,  however,  rather  belongs  to  the  subject  of  tin- 
ore  in  joints  of  rocks,  to  be  noticed  in  the  sequel,  though  it  is 
often  difficult  to  say  whether  these  apparent  joints  should  be  con- 
sidered as  minor  fractures  connected  with  a  great  dislocation,  or 
divisional  planes  of  rocks,  properly  so  called.  The  south  elvan 
in  Wheal  Bissy,  or  Chacewater  mine,  affords  a  good  example  of 
strings  of  copper,  apparently  occupying  minute  cracks,  dissemi- 
nated through  that  rock.  At  Tregurtha  mine,  near  St.  Hilary, 
a  multitude  of  strings  of  oxide  of  tin  occurred  in  the  elvan  tra* 
versed  by  the  lode,  apparently  minute  splits  from  the  main  frac- 
ture. Many  of  these  strings  are  very  interesting  where  the  crystals 
of  felspar  are  so  divided  by  the  crack,  now  filled  by  oxide  of  tin 
or  quartz,  that  evidently  these  crystals  were  formed  before  the 
cracks  which  break  their  previous  continuity. 

The  meeting  of  two  lodes  either  in  depdi  or  in  a  horizontal  di- 
rection is  generally  considered  advantageous  to  the  production  of 
ore,  more  particularly  when  the  angle  at  which  they  so  meet  is 
not  great.  In  endeavouring  to  classify  facts  connected  with  this 
subject,  we  soon  find  the  want  of  the  necessary  information.  The 
Rmple  circumstance  of  the  meeting  of  the  lodes  and  the  amount 
of  the  angle  between  them  is  of  course  well  known,  and  whether 

*  Fob  on  Mineral  Veins,  Report  of  the  Cornwall  Polytechnic  Society,  for  1836, 

^96. 
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both  lodes  were  fairly  rich^  or  one  only  had  that  character,  is  also 
recorded ;  but  the  exact  character  of  the  lodes  at  dieir  junction, 
and  at  short  distances  from  it,  with  a  variety  of  other  attendant 
circumstances  not  usually  observed,  and  which  are  nevertheless 
very  important,  are  points  very  rarely  to  be  obtaihiBd  if  these 
junctions  have  been  worked  some  time  previously,  and  the  agents 
.then  in  charge  of  the  mine  are  either  deceased  or  removed  to 
other  places.  There  is,  therefore,  much  difficulty  in  approximat* 
ing  towards  a  reasonable  cause  for  several  apparent  anomalies 
connected  with  the  meeting  of  lodes  at  present,  which  will  probably 
not  attend  enquiry  on  this  head  some  years  hence,  when  the  value 
of  records  of  mining  phenomena  shall  be  more  fuUy  appreciated, 
and  a  proper  establishment  instituted  for  their  preservation,  so 
that  the  mass  of  information  existing  at  any  given  time,  and  this 
is  always  very  considerable  in  Cornwall,  shall  be  preserved^  to  be 
condensed  and  distributed  among  miners,  again  to  be  returned 
with  the  necessary  increase  of  additional  information. 

As  a  leading  feet,  however,  it  is  understood  that  the  meeting  of 
two  lodes  at  a  small  angle  is  productive  of  good.  The  following 
sketch  of  part  of  East  Crinnis  mine,  near  St.  Austell,  for  which 
we  are  indebted  to  Captain  Barrett,  will  illustrate  this  point  in 
its  simplest  form. 

Fig.  61. 

North,  »mtk. 

North  Lode.    Iron  Shaft  Lode. 
a     - — — .—  6 


Slnte.  ^  Slalp. 


The  section  is  vertical,  representing  the  lodes  in  their  descent 
from  the  surface  a  b,  downwards.  The  iron  shaft  lode  is  oonsi- 
dered,  in  the  miner's  language,  to  have  been  the  strongesty  and  to 
have  carried  the  north  lode  seven  fathoms  with  it  at  c,  where  the 
bunch  of  ore  occurred.  Though  the  iron  shaft  lode  may  thus 
seem  to  have  been  subsequently  formed  and  to  have  heaved   the 
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north  lode,  it  may  readily  have  happened,  as  it  is  scarcely  neces- 
sary to  remind  geologists,  that  both  lodes  have  resulted  from  the 
same  dislocation,  the  whole  forming  a  complicated  fault.* 

The  miners  have  observed  with  much  care  the  kind  of  rocks,  or 
country  as  they  term  them,  in  which  the  ores  they  seek  are  prin^ 
cipaUy  discovered,  and  from  local  practice  they  judge  of  the  pro*- 
bability  of  finding  such  ores  in  given  rocks  when  the  other  con- 
ditions are  also  favourable.    It  is  well  known  that  there  is  often 
much  connexion  between  given  rocks  in  particular  districts  and 
the  productive  mines  in  it,  some  rocks  being  considered  more 
kindly,  as  the  Cornish  miners  term  it,  than  others.    When  a  va^ 
riety  of  beds  is  traversed  by  a  lode^  as  often  happens,  particu- 
larly in  a  slate  country,  some  are  dar  greater   favourites  than 
others.    In  Gwennap,  the  more  experienced  miners  seem  to  prefer 
those  argillaceous  slates  which  accompany  the  red  or  variegated 
slates  of  the  district,  and  which  have  a  fine  grain  and  a  blue-grey 
colour.    Respecting  the  value  of  the  red  beds  themselves  opinions 
seem  to  differ.f     In  most  mines  the  miners  have  their  favourite 
kind  of  rock  or  country,  so  that  the  whole  tendency  of  their  great 
experience  goes  to  prove  that  particular  mineral  structures,  other 
circumstances  being  the  same,  are  more  favourable  to  the  pro« 
duction  of  the  ores  sought  than  others.     The  principal  lode  at 
Foirey  Consols  mines  would  seem  to  afford  a  good  example  of 
ore  accompanying  a  particular  set  of  beds.     The  slate  in  this  pro- 
ductive mine  dips  away  from  the  granite  of  St  Blazey^  on  which 
it  rests,  towards  the  east,  so  that,  as  the  lode  has  a  general  east 

*  The  vertical  wctioii  through  the  various  lodes  of  Fowey  Consols  mines  (plate 
ll}f  for  which  we  are  indebted  to  Mr.  Austen Trefiry,  of  Place,  Fowey,  will  show  the 
complicated  fractures  sometimes  observed  in  mines,  resembling  some  of  the  more 
ranplicsted  faults  found  to  occur  in  the  workings  of  coal-mines.  In  sections  of  the 
oU  weikingf  of  Poldory  mine,  in  Gwennap,  the  meeting  of  several  lodes  produces 
1  nmilar  appearance,    - 

f  Jf  r.  Carne  states,  that  when  the  copper-lodes  in  Gwennap  intersect  the  red 
^^  they  become  unproductive,  an  immediate  change  generally  taking  place  when 
tbe  lod«s  pass  beyond  them  into  another  slate.  Trans.  Geol.  See,  Cornwall,  vol.  iii 
P-  81.  Pkyee,  in  his  Mineralogia  Cornubiensis,  p.  74  (1778),  mentions  the  mining 
pnpeitiesof  tfaedi^Brent  kinds  of  killas  (slate).  He  states  that  the  red  <'is  well 
^^posed  for  copper  or  tin  lodes ;  the  latter  preferably.  The  yellow  is  indifferently 
^■posed  for  either.  The  brown,  which  has  various  shades  of  lighter  and  deeper 
f^ioun,  is  generally  a  hard  stone,  and  contains  lodes  of  tin  more  commonly  than 
copper.  But  of  all  the  killas,  the  cinereous  or  pale-blue  is  most  desirable,  as  the 
eocUm^g  stiatvm  of  a  copper  lode." 
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and  west  direction,  the  beds  traversed  by  it  on  the  lower  part  of 
the  mine  on  the  east  rise  to  the  surface  on  the  western  end, 
and  it  is  found  that  the  bunches  of  ore  accompany  this  dip, 
viewing  the  subject  on  the  large  scale^  so  as  to  coincide  with 
certain  beds.     It  may,  indeed,  be  said  that  the  granite  dips  with 
the  slate,  and  that  its  influence  beneath  the  slate  in  a  parallel 
plane,  may  have  caused  the  false  appearance  of  the  prindpal 
bunches  of  ore  accompanying  a  particular  range  of  beds.    That 
the  proximity  of  the  granite  has  had  its  influence  on  the  con- 
tents of  the  lode  may  readily  be  allowed,  but  observations  along 
the  junction-line  of  the  granite  and  slate  in  the  vicinity,  would 
appear  to  give  a  much  higher  angle  for  the  plane  of  contact  of 
the  two  rocks  than  the  dip  of  the  slate  in  the  mine.    The  mode 
in  which  the  *' gossan''  and  other  marks  of  the  back,  or  higher 
part,  of  a  copper-lode  dip  to  the  eastward  with  the  beds  in  this 
mine  is  extremely  interesting ;  gossan,  with  its  very  common  ac- 
companiments of  native  copper,  and  gray  copper  ores  descending, 
above  the  bunches  of  the  common  yellow  bisulphuret  of  copper, 
to  the  depth  of  about  600  feet  from  the  surface  on  its  eaatem 
part. 

It  would  be  almost  impossible  to  convey  by  words  the  precise 
character  of  the  slate  which  the  miner  prefers  for  copper,  though 
it  is  one  which  the  eye  readily  seizes  after  a  little  practice.  That 
which  he  prefers  for  tin  has  a  different  aspect,  being  generally 
more  dull  in  its  appearance,  darker  coloured,  harder,  and  more 
resembling  altered  slate,  which,  in  fact,  it  frequently  seems  to  be. 
A  piece  of  slate  (killas)  from  the  tin  country  of  St.  Agnes,  and 
another  from  the  best  copper-mines  of  Gwennap,  or  St.  Austell 
generally  differ  from  each  other  in  a  manner  that  the  eye  easily 
distinguishes  after  practice. 

Respecting  granite  the  miner  seems  commonly  to  prefer  the 
somewhat  decomposed  kinds,  in  a  state  to  which  he  apphes  the 
term  plumb,  one  in  much  use  in  Cornwall^  to  express  softness 
combined  with  a  fair  amount  of  resistance.  A  plumb  granite  or 
elvan  is  that  most  usually  esteemed,  particularly  for  tin,  though 
the  cases  are  by  no  means  rare  in  which  large  bunches  of  copper 
and  tin-ores  are  found  in  hard  granite.  Viewing  the  subject  of 
hardness  alone^  however,  this  quality  in  rocks  traversed  by  mi- 
neral veins  may  be  stated  as  in  no  great  repute  with  the  Cormsh 
miners,  not  only  as  regards  the  difficulty  of  workings  but  also  as 
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mpects  the  quantity  of  ore  found  under  such  circumstances. 
Ghneenstone^  viewed  as  a  whole  in  Cornwall  and  Devon^  seems 
unfavourable  to  the  ores  of  tin,  copper,  and  lead,  though  the 
fissures  traversing  it  are  often  large,  and  its  condition,  as  to  the 
proximity  of  granite,  the  intermixture  with  elvan  dykes,  and  the 
intersection  of  cross  courses,  equal  to  that  of  the  slates  with 
which  the  greenstones  are  for  the  most  part  associated.  At  first 
sight  the  mines  at  St  Just  may  appear  an  exception  to  this  re- 
mark, but  the  riches  there  found  are  very  rarely  detected  in  the 
greenstone  itself,  which  appears  to  occupy,  from  its  general  dip, 
seaward,  more  of  the  solid  mass  of  rock  than  it  actually  does ; 
moreover,  the  altered  slates  there  found  are  frequently  mistaken 
for  greenstone. 

Respecting  the  change  in  the  metallic  contents  of  the  Cornish 
lodes  according  to  the  mineral  character  of  the  adjoining  rock, 
Mr.  Came  observes,  that  ''in  Godolphin  the  lodes  were  rich 
where  the  killas  (argillaceous  slate)  was  of  a  bluish-white  colour, 
but  poor  where  it  was  black.  In  Poldice  and  Huel  Fortune  the 
lodes  in  the  killas  continued  productive  until  they  entered  a 
stratum  of  blue  hard  killas,  which  cut  out  the  riches.  In  Huel 
Squire  the  copper-lodes  were  very  productive  when  in  the  soft 
light-blue  killas;  but  a  stratum  of  hard  black  killas  underlying 
(dipping)  rapidly  met  one  lode  at  the  depth  of  44  fathoms  and 
the  other  at  120  fathoms,  under  the  adit,  and  at  these  levels  both 
the  lodes  became  poor.  At  Penstruthal  copper-mine,  the  lode 
had  been  tried  at  various  times  in  parts  where  the  granite  waa 
hard,  and  the  result  was  unsuccessftil ;  a  trial,  however,  has 
lately  been  made  on  the  lode  where  the  granite  is  soft,  and  it  is 
now  the  most  profitable  mine  in  Cornwall."*  Other  instances 
might  readily  be  added,  which  would  be  unnecessary,  inasmuch 
as  similar  facts  are  well  known  in  mining  countries  generally. 
M«  Foumet  observes,  that  commonly  in  Upper  Hungary  the 
hrgcst  copper-lodes  are  found  in  fine  clay  slates ;  in  Saxony  the 
aker  ores  occur  in  gneiss ;  and  in  the  Hartz  certain  ores  are  in- 
timately connected  with  grauwacke.  The  veins  of  Kongsberg,  in 
Norway,  are  steril  in  mica-slate,  and  become  very  productive  in 

•  Tnni.  G«oL  Soc  ComwaU,  toL  iii.  p.  81«— 1827.  Since  this  date  Penstruthal 
warn  ham  been  atwndoned,  after  yielding  considerable  profit  to  the  adventuren.  It 
appeals  by  the  returns  that,  from  1826  to  1829  inclusive,  copper-ore  to  the  value  of 
132,1S6/.  was  raised  from  this  mine. 

*  Z 
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the  beds  known  by  the  name  of  FacUbosnder.  At  Andreasbei^, 
in  the  Hartz,  tbeTeins  which  pass  from  argiUaceoau  date  into 
flinty  slate  lose  their  riches  in  the  latter  rod^.* 

The  fact  of  the  lead-lodes  in  Derbyshire,  which  traverse  the 
limestone  and  toadstone  (a  variety  of  trappean  rock)>  being  pro- 
ductive in  the  former  and  unproductive  in  the  latter,  has  long 
been  known ;  and  Mr.  Burr  states,  that  a  knowledge  of  "  this  fact 
has  been  the  foundation  of  some  of  the  most  important  mining 
enterprises  lately  undertaken  in  that  county,  which  have  had  for 
their  object  to  penetrate  through  the  toadstone,  in  order  to  make 
further  trial  of  veins  which  had  been  formerly  productive  in  the 
limestone  above.*'  The  same  author  adds  that  '*  at  tbeCrichMine 
this  trial  was  perfectly  successful,  a  large  quantity  of  lead  ore 
having  been  raised  from  the  continuation  of  the  lode  in  the  lime- 
stone beneath  the  toadstone,  where  it  was  small  and  unpro- 
ductive/' 

Mr.  Burr  also  notices  facts  in  the  north  of  England  oomiectBd 
with  the  subject  of  variation  in  the  contents  of  lodes,  according  to 
the  nature  of  the  including  rocks,  which  are  highly  important 
both  as  regards  science  and  its  economic  application.  The  mining 
districts  are  there  composed  of  limestone  (carboniferous)i  fisnd- 
stone,  and  shale>  in  parallel  beds,  and  the  lodes  produce  ore  in 
the  two  former,  while  they  are  unproductive  in  the  shales.  Such 
being  the  case,  it  is  found  of  practical  importance  that  the  fault, 

*  Fonrnet,  Etades  sur  let  D£p6ts  M^talliferes,  D'AubTusaon's  Tnxt6  de  G^ 
notie,  2de  Ed.  torn.  Ui.  p.  431. 

M.  Fournet  gives  the  foUowinf^  remarkable  example  of  a  lode  varying  in  ite  oou* 
tents  according  to  the  nature  of  the  adjoining  rock,  furnished  him  by  M.  Volti  t^Tbe 
Wenzel  lode  at  Furstenburg  runs  nearly  vertically  from  N.  to  S.,  across  mtny  beds 
of  gneiss,  about  60  feet  thick,  dipping  east  Each  of  these  beds  forms  a  distinct 
variety  of  rock.  The  first  is  veiy  micaceous ;  the  second  passes  into  argillseeoQS 
slate ;  the  third  is  homblendic,  and  in  the  fourth  scarcely  any  mica  can  be  detacted. 
Hiis  lode  is  heaved  in  depth  to  the  westward  by  several  croa  courses,  and  it  wis 
between  two  of  these  cross  courses,  distant  from  each  other  about  forty  &thoais,  that 
it  eachibited  those  riches  for  which  it  has  become  so  celebrated.  In  the  first  bed  of 
gneiss  the  lode  merely  formed  a  nearly  imperceptible  string  of  day ;  in  the  seoosd 
it  suddenly  acquired  a  thickness  of  from  12  to  18  inches,  and  was  composed  of 
sulphate  of  barytes,  antimonial  silver,  red  silver,  and  argentiferous  grey  copped' 
Hie  antimonial  silver  is  thny  found  in  large  masses.  In  the  third  bed  tlis  thick- 
ness of  the  lode  is  preserved,  and  the  sulphate  of  barytes  is  continued  in  it,  buttbe 
silver  ores  disappear,  and  a  little  sulphuret  of  lead  is  the  only  ore  found.  U  tbe 
fourth  bed  the  silver  ores  become  as  abundant  as  in  the  second,  but  they  grsdusUy 
disappear  in  depth  and  are  replaced  by  selenite^  a  little  sulphuret  of  lead,  and  torn 
traces  of  native  sulphur. 
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between  the  sides  of  which  the  contents  of  the  lode  occur,  should 
not  have  been  considerable,  the  dislocation  not  having  destroyed 
the  level  of  the  beds  on  either  side,  as  regards  each  other,  for 
more  than  a  fathom  or  two,  *'  so  that  the  strata  composing  each 
rheek  or  wall  of  the  vein  should  be  similar,  that  is,  limestone 
opposite  limestone,  gritstone  opposite  gritstone,  &c.'*  When  the 
heave  or  amount  of  fault  has  been  considerable,  so  that  limestone 
or  gritstone  is  opposite  shales,  the  metallic  produce  of  the  lode  is 
generally  found  to  be  deteriorated.'^ 

When  we  attentively  regard  the  minor  facts  connected  with 
the  tin  and  copper  lodes  of  Cornwall  and  Devon,  we  soon  observe 
circumstances  which  show  that  many  of  the  fissures  must  have 
increased  in  size  since  the  deposit  of  some  of  the  substances  iil 
them,  so  that  their  present  contents  are  due  to  a  succession  of 
openings  in  the  same  line  of  fissure.  The  contents  of  parts  of  several 
lodes  consist  of  a  succession  of  plates  of  mineral  substances, 
rBTjing  much  in  their  continuity,  and  to  a  certain  extent  parallel 
to  the  sides  of  the  fissure,  between  the  walls  of  which  they  are  in- 
cluded. These  vertical  plates,  which  vary  from  a  few  lines  to 
many  inches  in  thickness,  are  known  to  the  miners  in  Gwennap  and 
many  other  parts  of  Cornwall  as  combs,  and  a  lode  is  said  to  be 
a  comby  lode  when  composed  of  such  vertical  plates.  In  some  of 
these  comby  lodes  we  have  no  evidence  to  show  that  there  has 
been  anjrthing  more  than  a  succession  of  deposits  against  the 
sides  of  the  fissure  according  to  the  substances  in  solution  in  it  at 
the  time,  one  plate  or  deposit  succeeding  another,  and  separable 
from  it,  from  there  having  been  a  lapse  of  time  between  each 
deposit  sufficient  to  allow  of  clayey  matter  having  settled  on  the 
outer  sur&ce  of  the  previously -formed  plate  or  comb,  so  that  when 
the  succeeding  comb  was  deposited  there  was  no  great  cohesion 
between  the  upper  surface  of  the  one  and  the  under  surface  of 
the  other.  In  other  comby  lodes  we  find  a  succession,  of  plates 
or  combs,  each  composed  of  crystalline  substances  with  the  faces 
of  the  crystals  turned  inwards,  the  nature  of  which  will  be  best 
understood  by  reference  to  the  accompanying  figures. 

The  first  figure  (62)  represents  part  of  the  lode  at  Wheal  Cathe- 
dral mine,  one  hitherto  found  to  be  of  little  value,  in  the  granite  of 
Cam  Marth,  near  Redruth.     All  the  combs  or  plates  have  the 

*  'Ban,  Obaeivationi  on  the  Theory  of  the  FormatioQ  o^  Mineral  Veini.    Mining 
i,No«  IX.,  new  series,  Feb.,  1837,  p.  64. 
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Fig.  62. 
Ki-^  .  3    *     6    6    J 


o,  comb  of  quarts  and  purple  fluor  spar ;  b,  qoarti  with  a  few  tprijft  of  yellow  copper 
ore ;  c,  comb  of  quarta  with  yellow  copper  ore  more  abundant ;  d,  quarts  and 
purple  fluor  spar ;  e,  quarts ;  and  /,  qiuirts  with  a  few  sprigs  of  yellow  copper  ore. 

points  of  the  crystalline  substances  of  which  they  are  composed 
turned  inwards,  and  all  are  readily  separable  from  each  other  by 
a  moderate  blow,  along  the  surfaces  2,  S,  4,  5,  and  6,  which  sepa- 
rate the  combs,  and  are  thinly  covered  by  an  ocreous  indurated 
clayey  substance.  From  all  that  we  know  respecting  the  filling 
of  cracks  by  crystalline  substances  deposited  from  solutions  in 
them,  we  should  conclude  that  the  breadth  of  each  comb  consti- 
tuted the  whole  width  of  the  fissure  at  the  time  the  substances  of 
which  the  comb  is  composed  were  crystallized  upon  both  walls  of 
the  fissure  as  bases,  so  that  the  crystallization  gradually  met  in  the 
centre.  If  this  be  correct,  we  should  have  six  consecutive  open- 
ings of  the  fissure  for  the  contents  of  the  lode  here  represoited,  so 
that  1  and  7  constituted  the  walls  of  the  lode,  or  the  sides  of  the 
fissure,  when  the  combs  above  noticed  were  all  formed. 

The  subjoined  figure  (fig.  63)  represents  part  of  a   lode  at 
Wheal  JuUa,  near  Binner  Downs,  Crowan.     In  this  we  perceive 

Fig.  63. 
/ 


/    A 
a,  biiulphuret  of  copper  and  iulpfauret  of  sine ;  6,  comb  of  quarts ;  e^  wall  of  indii<- 
rated  argillaceous  matter ;  d,  comb  of  quarts ;  e,  laiger  comb  of  quarts,  with  blende 
and  yellow  copper-ore,  //,  on  both  sides ;  ^,  cavity,  or  tmgy  in  another  comb  of 
quarts;  k,  more  solid  comb  of  quarts. 
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more  irregularity  than  in  the  preceding  6gure»  and  in  the  comb  e, 
we  see  that  crystals  of  sulphuret  of  zinc,  intermingled  with  bi- 
sulphuret  of  copper,  were  formed  on  each  side  before  the  quartz 
was  deposited  and  met  in  crystallization  in  the  centre  of  the 
comb.  The  vug,  or  cavity,  also,  at  g,  shows  that  the  crystalliza- 
tion had  not  filled  up  the  cavity  in  that  direction,  and  the  group 
of  pointed  ciystals  in  it  exhibits  the  general  appearance  of  those 
parts  of  the  fissure  where  the  crystallization  had  not  met  from  the 
sides,  and,  by  interlocking,  filled  up  the  cavity. 

The  next  figure  (fig.  64)  represents  part  of  a  lode  at  Godolphin 
Bridge  mine,  near  Breague,  where  the  combs  have  very  parallel 
sides,  and  one  of  them  is  composed  of  the  bi-sulphuret  of  copper 
intermingled  with  some  quartz.     The  agatiform  sides  of  the 


a    e     b    e 


«,  small  quartz  eomb ;  b,  comb  of  quartz,  erystalline  towaids  the  centre,  agatilbrm 
on  ^bm  sides  e  e;  d,  bisulphuret  of  copper,  intemuDgled  with  a  little  quartz. 

comb  6  are  extremely  interesting,  reminding  usof  the  gradual  de- 
position of  some  agates  on  the  sides  of  their  containing  cavities. 
Hiey  afterwards  become  more  crystalline  towards  the  centre  of 
the  comb,  probably  from  the  slower  rate  of  deposition  and  the 
greater  purity  of  the  siliceous  matter.  Such  a  mode  of  occurrence 
as  that  of  the  comb  b  seems  to  afford  decisive  evidence  that  the 
quartz  of  which  it  is  composed  was  gradually  deposited  on  the 
sides  1  2,  that  space  being  open  when  the  deposit  first  com- 
menced. Whether  the  side  2  was  then,  as  now,  bounded  by  the 
copper  comb,  is  of  course  difficult  to  determine,  inasmuch  as  the 
copper  ore  at  d  may  have  been  introduced  into  the  fissure  subse- 
quently to  the  formation  of  the  comb  6,  the  surfaces  2  and  3  having 
been  the  walb  of  the  cavity  at  the  time  of  its  deposit 

A  dose  inspection  of  the  quartz  crystals  forming  combs,  by  in- 
terlocking towards  their  central  parts,  often  shows  the  gradual 
increase  the  crystals  have  received  in  the  direction  of  the  axes  of 
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the  prisms,  and  sometimes  small  sprigs  of  copper-ore  or  blende 
may  be  seen  entangled  among  them  in  lines  corresponding  with 
surfaces  which  existed  during  the  formation  of  the  comb>  as  if, 
while  the  crystallization  of  the  quartz  was  eflTected,  the  siliceous 
solution  sometimes  contained  the  elements  of  the  bi-sulpupet  of 
copper,  and  was  sometimes  without  them,  or,  if  it  alwap  contained 
them,  that  conditions  were  often  uniavourable  for  their  deposition 
on  the  sides  of  the  cavity  holding  the  solution. 

The  combs  are,  as  we  ha?e  seen,  sometimes  composed  of 
different  substances,  so  that  one  of  copper,  of  blende,  of  fluor  spar, 
or  other  substances,  should  be  included  between  others  of  quartz; 
but.  unless  there  be  crystallization  in  the  comb,  showing  that  the 
resulting  solid  has  been  formed  by  addition  from  the  sides  in- 
ward, in  the  manner  above  stated,  when  several  combs  of  copper 
and  blende,  in  uncrystallized  masses,  are  interposed  between  two 
crystalline  combs  of  the  order  above  noticed,  we  cannot  be  certain 
that  all  such  combs  have  been  produced  by  successive  openings 

Fig.  65. 


of  the  lode.  Thus,  if  a  6  (fig.  65)  be  two  combs  crystaUixed 
towards  their  central  portions,  and  o,  d,  e,  f,  and  g,  other  oombs 
of  copper  or  blende,  then  there  is  no  proof  that  such  other  combs 
have  not  been  all  formed  when  the  whole  distance  was  open  be- 
tween a  and  6,  though  we  might  be  inclined  in  such  a  case  to  infer 
that  they  were  each  separately  formed. 

Much  difficulty  has  been  considered  to  attend  the  suppositioii 
that  numerous  contemporaneous  fissures,  not  far  distant  from  each 
other>  could  exist  in  the  same  district,  such  fissures  having  a 
general  tendency  to  increase  in  width,  it  being  supposed  that  the 
various  masses  into  which  the  rocks  would  be  divided  could  not 
stand  in  the  necessary  positions.  It  requires  no  very  extended 
research  among  the  mineral  veins  of  Cornwall  and  Devon  to  see 
that  many  of  them,  even  now,  have  numerous  points  of  contact 
between  the  walls  of  the  lodes,  or,  in  other  words,  that  the  adja- 
cent masses  of  rock  touch  each  other  in  numerous  places,  so  thai. 
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if  the  contents  of  the  lode  were  withdrawn,  a  long  uneven  cavity 
would  be  left,  the  walk  or  sides  remaining  where  they  now  are.  As 
the  miner  considers  a  lode  as  a  leading  body  traversing  rocks, 
regarded  by  him  as  of  secondary  importance,  he  terms  such  points 
or  places  of  contact  a  nipping-in  or  tmngifig-up  of  the  lode,  and 
many  a  good  bunch  of  ore  has  been  cut  by  driving  through  spaces 
wh^re  the  walls  of  the  vein  were  in  contact  (a  small  string  or 
crack  alone  showing  the  continuity  of  the  lode  in  the  direction 
worked  upon)  until  the  vein  opened  out  into  a  larger  space,  and 
contained  ore.  Carn  Brea  mine  is  a  recent  instance  of  workings 
having  been  abandoned  in  consequence  of  the  wringing-up  of  a 
lode,  or,  in  other  words,  the  close  contact  of  the  wadls  for  some 
distance,  and  afterwards  turning  out  a  rich  and  profitable  mine 
by  continuing  the  workings  through  the  space  so  wrung-np, 
until  the  lode  again  became  larger,  or,  in  other  words,  the  original 
fissure  became  wider,  where  a  rich  bunch  of  ore  was  cut  This 
mine  had  been  previously  abandoned  for  poverty,  the  continuation 
of  the  lode  where  the  walls  were  tightly  pressed  against  each 
other  having  been  regarded  as  a  mere  string. 

Minor  instances  in  many  mines  might  be  noticed ;  in  Fowey 
Consols  mines,  where  so  much  skill  and  judgment  have  been 
exhibited,  there  are  several,  so  that,  if  this  mine  had  not  been 
worked  on  the  large  scale  which  it  has  been,  numerous  rich 
bunches  of  ore  never  would  have  been  cut. 

Id  cases  where  the  walls  ot  the  lodes  now  touch  each  other 
in  varioua  places,  there  is  therefore  no  di£Bculty  in  perceiving  that 
a  muhitude  of  contiguous  fissures  could  exist,  which  should  run 
and  cross  each  other  in  all  directions.  So  long  as  the  points  of 
ooBtact  were  sufficiently  numerous,  the  various  broken  masses  of 
country  could  rest  perfectly  firm  against  each  other,  leaving  the 
greater  part  of  the  spaces  between  them  open  fissures,  the  width  of 
which  would,  of  necessity,  be  extremely  various.  Independently, 
however,  of  those  lodes,  where  the  walls  often  touch  each  other 
in  a  sufficient  number  of  points  to  insure  permanence  of  post- 
tioD,  even  if  the  mineral  substances  now  filling  the  fissures  were 
removed,  there  are  numerous  lodes  where  for  considerable  dis- 
tances the  walls  do  not  touch.  When  a  fissure  has  been  vertical, 
or  nearly  so,  it  can  readily  be  understood  that  points  of  contact 
are  not  required  to  keep  the  walls  of  the  fissure  apart  from  each 
oiher>  and  that  the  fissure  may  become  enlarged  without  requiring 
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them.  This  explanation  would  be  insufficient  when  the  lodes 
had  much  dip  or  underlie^  so  that,  if  the  upper  or  hanging  waU 
were  unsupported,  it  would  fall  upon  the  lower  or  foot  walL 

By  combining  the  general  inequality  in  the  walb  of  lodes  with  the 
comby  structure  of  their  contents  in  numerous  places,  we  have  an 
explanation,  which,  at  least,  if  it  be  not  the  true  one,  is  sufficieut 
to  account  for  the  phenomena  observed.     Let  a  6  be  a  fissure  pro- 
Fig.  66. 


/^     w/ 

duced  by  sliding  two  masses  of  fractured  rock  m  n  upon  each 
other  in  the  manner  above  noticed  (p.  317),  and  let  the  fissure  so 
formed  be  filled  with  mineral  matter ;  then  if  another  dislocation 
be  effected  along  the  Une  of  the  pre-existing  fissure,  so  that,  the 
walls  being  the  lines  of  easiest  separation,  the  rock  on  the  side 
n  is  lowered,  then  the  wall  on  that  side  would  slide  on  the  con- 
tents of  the  fissure  cd,  so  that  its  points  of  contact  would  be  no 
longer  against  the  foot  wall,  but  against  the  contents  of  the  first* 
formed  fissure;  thus  perfect  support  may  be  afforded  to  the 
hanging  wall,  and  yet,  if  workings  were  carried  on  in  the  contents 
of  the  fissure,  no  points  of  contact  would  be  observed  between  the 
two  walls.  If  now  this  new-formed  opening  be  filled  with  mineral 
substances,  and  we  suppose  the  hanging  wall  again  to  slide  some 
distance  downwards,  we  have  another  cavity  e/  to  be.  filled  in  those 
places  where  the  hanging  wall  on  the  side  n  does  not  touch  the 
contents  of  the  two  fissures  before  produced.  In  this  case  the  hang^ 
ing  and  foot  walls  will  be  still  further  removed  from  each  other ; 
and,  if  the  w/ude  contents  were  removed  from  the  space  occupied 
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between  them,  the  two  walls  could  not  rest  apart,  as  they  would 
then  exist  relatively  to  each  other. 

For  the  sake  of  rendering  the  above  explanation  dear,  we  have 
considered  the  subject  in  its  simplest  form  ;  but  it  would  scarcely 
happen  that  often-repeated  effects  of  the  order  here  supposed 
oould  be  produced  in  a  multitude  of  fissures  in  so  simple  a  manner. 
Though  the  walls  of  lodes  would  very  frequently  afford  the  line 
of  least  resistance,  numerous  other  lines  of  least  resistance  may 
exist  among  the  contents  of  the  lodes  themselves,  or  in  the  direc- 
tion of  cracks  or  branches  from  the  main  fissure  previously  formed, 
so  that  the  general  effects  may  be  very  complicated,  though  the 
principle  remains  the  same,  and  the  two  walls  of  the  lode  become 
more  separated  from  each  other  in  proportion  to  the  number 
of  dislocations  which  the  line  of  the  same  fissure  may  have 
suffered. 

That  numerous  strings  and  branches  of  ore  or  other  mineral 
substances  run  among  the  contents  of  the  main  lode,  so  that  the 
continuity  of  the  latter  is  evidently  interrupted,  is  well  known  in 
many  places,  and,  from  the  complicated  effects  thus  produced, 
many  arguments  in  fevour  of  the  contemporaneous  nature  of  the 
whole  contents  of  lodes  have  been  adduced.  All  such  effects  are, 
however,  well  explained  by  the  hypothesis  that  the  first  contents 
of  lodes  have  often  been  dislocated,  and  that  into  the  cracks  and 
smaller  fissures  so  caused  various  ores  and  other  substances  have 
been  subsequently  introduced. 

It  wiU  be  obrious,  if  a  series  of  fractures  be  effected  along  the 
aame  general  lines,  at  distinct  intervals  of  time,  sufficiently  long 
to  enable  the  fissures  formed  at  the  different  intervals  to  become 
partially  or  wholly  filled  up  between  such  intervals,  and  that  the 
different  lines  of  dislocation  do  not  always  coincide  with  the  pre- 
viously-existing lines  of  fracture,  but  sometimes  depart  from  them, 
fifeUowing  new  lines  of  least  resistance,  that  a  very  complicated 
series  of  effects  will  be  produced,  affording  not  only  numerous  in- 
tersections of  lines  of  fissures,  enlarging  some  by  the  change  in  the 
relative  position  of  the  previously-existing  walls,  but  also  many 
opportunities  for  chemical  changes  in  the  contents  of  fissures 
broken  through  or  exposed  to  new  conditions,  by  which  such 
dianges  can  be  effected. 

Independently  of  the  lodes,  properly  so  called,  and  of  branches 
aai  strings  proceeding  from  them,  there  are  strings  of  ore,  more 


Digitized  by  VjOOQIC 


346  MINBRAL  VEINS  AND  FAULTS. 

particularly  in  the  granites  and  eWans,  which  cannot  be  well  traced 
to  any  lode,  and  which  cross  each  other  in  a  very  complicated 
manner.  Upon  close  examination,  such  strings,  which  are  rarely 
composed  of  other  ores  than  the  oxide  of  tin,  coincide  very  fre- 
quently with  lines  of  divisional  planes  or  joints,  and  are  commonly 
an  intimate  mixture  of  oxide  of  tin,  schorl,  and  quartz.  Of  these 
the  most  remarkable  is  that  of  the  long-celebrated  and  picturesque 
Carglaze  mine,  near  St.  Austell,  which  has  been  worked  in  open 
day,  in  the  manner  of  a  quarry,  from  time  immemorial,  a  few 
workings  having  been  driven  into  the  body  of  the  rock  from  the 
main  open  space.  Like  all  the  external  portions  of  masses  of 
granite  in  Cornwall  and  Devon,  a  main  series  of  divisional  planes 
or  joints  divides  the  granite,  so  that  a  series  of  beds  are  produced 
which  dip  outwards  beneath  the  mass  of  adjacent  slate-rocks. 
Those  who  have  attentively  studied  the  Cornish  and  Devon 
granites  have  soon  perceived,  more  particularly  near  the  outer 
boundary-lines  adjacent  to  the  slates,  that,  when  schorl  formed 
any  part  of  the  granite,  there  was  a  tendency  of  that  mineral  to 
occupy  a  position  near  the  divisional  planes,  and  that  not  unfre* 
quently  between  the  planes  themselves  schorl  and  quartz  some- 
times filled  up  the  whole  space. 

In  Carglaze  mine  the  schorl  is  close  to  the  joints,  wlule  the 
granite  forming  the  remaining  part  of  the  mass  is  in  an  advanced 
state  of  decomposition.  The  schorl  is  often  intermixed  with  oxide 
of  tin,  and  both  minerals,  mingled  with  quartz,  frequently  occupy 

Fig.  67. 


the  space  near  and  between  the  divisional  planes,  so  that  the  black 
lines  thus  produced  present  a  marked  contrast  with  the  white 
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decomposed  gpranite  among  which  they  run.  A  large  portion  of 
these  lines  dip  southward  under  the  neighbouring  slates,  as  is  usual 
under  such  conditions,  and  may  be  readily  seen  by  taking  up  a 
position  by  which  the  eye  can  be  brought  to  have  a  good  sectional 
riewj  as  represented  above  (fig.  67).  These  lines  are  crossed 
by  many  others,  precisely  as  one  *  series  of  divisional  planes  or 
jomts  traverses  another,  and  the  greater  part  of  them  are  impreg- 
nated with  oxide  of  tin,  occurring  either  between  the  divisional 
planes  or  in  the  schorlaceous  part  of  the  granite  adjacent  to  them. 
Hie  tin-ore  thus  found  is,  for  the  most  part,  of  excellent  quality, 
but  the  cost  of  obtaining  it  is  relatively  considerable,  in  con- 
sequence of  the  quantity  of  granite  to  be  removed  in  order  to 
extract  the  strings  of  ore. 

Numerous  examples  of  the  same  kind  seem  to  occur  in  the 
granite  of  which  that  of  Carglaze  forms  a  part ;  indeed  a  large 
proportion  of  the  granite  on  the  north  of  St.  Austell,  more  parti- 
cularly in  the  neighbourhood  of  Hensborough,  contains  strings  of 
oxide  of  tin,  generally  intermingled  with  schorl,  which  often  seem 
little  else  than  lines  of  divisional  planes,  between  or  adjacent  to 
the  surfaces  of  which  the  tin  is  accumulated.  The  workings  upon 
these  strings  and  upon  the  tin-lodes  proper,  which  traverse  the 
same  ground,  have  in  ancient  times  been  very  extensive,  so  that  a 
large  proportion  of  the  surface  is  covered  by  pits  and  small  hil- 
locks (technically  termed  burrows),  formed  by  the  " old  men*'  an 
expressive  term  for  those  who  in  early  times  worked  in  the  Cor- 
nish stream-works  or  mines. 

The  long-celebrated  St  Michael's  Mount,  near  Marazion,  ex- 
hibits a  useful  illustration  of  the  occurrence  of  ores  between  divi- 
sional planes,  as  for  the  most  part  the  latter  are  very  partially 
filled  with  metallic  substances,  and  the  whole  of  the  rock  contain- 
ing them  well  exposed.  On  the  west  and  south  sides  of  the 
Mount,  more  especially,  the  granite  of  which  the  island  is  in  a 
great  measure  composed  is  seen  to  be  divided  perpendicularly,  as 
previously  noticed  (p.  170),  by  a  multitude  of  vertical  divisional 
planes  having  a  direction  about  W.  10^  N  ,  and  E.  10^  S.  The 
spaces  between  them  are  filled  by  a  variety  of  mineral  sub- 
stances, among  which  quartz  is  the  most  abundant.  Oxide  of 
tin  is  also  found  in  the  same  situations,  as  also  wolfram  (which 
may  be  traced  in  long  lines),  topazes,  apatites,  schorl,  and  various 
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other  mineralsy  among  which  there  is  a  kind  of  tin  pyrites,  for  the 
analysis  of  which  we  are  indebted  to  Professor  Johnston  of  Dur- 
ham, who  found  it  to  consist  of 


Tin 

.     31-618 

Copper   .         . 

.    23-549 

Zinc 

.     10-113 

Iron 

.      4-79 

Sulphur  • 

.    29-929 
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CHAPTER  XII. 

THEORETICAL  OBSERVATIONS  ON  THE  FORMATION  AND  FILUNG 
OP  MINERAL  VEINS  AND  COMMON  FAULTS. 

It  has  often  been  observed  that  there  have  been  few  subjects 
more  fertile  in  theory  than  that  of  the  formation  of  mineral  veins> 
and  it  may  be  added  that  there  have  also  been  very  few^  the 
consideration  of  which  have  in  general  been  productive  of  less 
satisfactory  results.  This  has  in  a  great  measure  arisen  from 
the  state  cf  those  sciences,  at  given  times,  by  the  aid  of  which 
endeavours  have  been  made  to  arrive  at  somewhat  like  a  satisfac- 
tory explanation  of  the  phenomena  observed.  Hence,  the  greater 
the  advance  of  those  sciences,  the  greater  the  probability  of 
employing  them  to  advantage  in  the  explanations  sought,  and, 
consequently,  the  less  we  should  be  surprised  that  hypotheses, 
framed  when  such  sciences  were  in  their  infancy,  should  be  un- 
satisfactory. It  is,  therefore,  no  reflection  on  the  abilities  of  those 
who  have  paved  the  way  for  so  much  that  is  known,  that  they 
indulged  in  speculations  which  at  present  seem  somewhat  ex- 
travagant ;  they  merely  worked  with  the  knowledge  of  the  day, 
as  we  now  do,  and  the  results  are  different  merely  because  that 
knowledge  is  different  In  the  same  way,  we  have  every  reason 
to  believe  that  existing  information  will  be  greatly  inferior  to  that 
of  a  century  hence,  and,  consequently,  that  many  views  now 
carrent  will  be  abandoned.  M.  Fournet  has  well  remarked  that, 
''metals  having  become  objects  of  the  first  necessity  to  man,  he 
would,  during  all  times,  and  in  all  places,  attach  great  import- 
ance to  their  receptacles,  and  that  it  is  to  the  study  of  their  mode 
of  occurrence,  their  connexion  with  adjoining  substances,  and 
thdr  relation  to  the  phenomena  observable  in  the  neighbouring 
coontry,  that  geology  owes  its  birth."  *  The  current  of  geologi- 
cal inquiry  having  of  late  years  been  more  directed  towards  the 

•  Btodes  tor  les  D6p6ts  Mdtalliferes,  D^Aubuisson's  Traits  de  G6ogDoue>  2^  ed., 
ton.  in.  p.  383. 
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soological  and  botanical  character  of  deposits  than  to  those  points 
atnong  which  mineral  veins  occupy  a  conspicuous  and  important 
place^  the  consideration  of  their  formation  and  of  numerous  dr- 
cumstances  connected  with  them  have  received  comparatively 
minor  attention,  so  that,  though  the  study  of  phenomena  in  con- 
nexion with  mineral  veins  may  have  given  birth  to  geology,  the 
geological  theories  of  the  day  are  less  advanced  on  the  formation 
and  filling  of  mineral  veins  than  on  any  other  part  of  the  general 
subject. 

We  must  refer  to  works  which  treat  of  mineral  veins  in  general 
for  the  history  of  the  various  opinions  which  have  been  formed 
respecting  their  origin,  more  particularly  to  the  Etudes  sur  les 
D6pdts  Metalliieres  of  JVI.  Foumet,*  and  the  Report  to  the  Bri- 
tish Association  for  the  Advancement  of  Science  on  the  State  of 
Knowledge  respecting  Mineral  Veins,  by  Mr.  John  Taylor,f 
where  fair  and  recent  expositions  of  them  will  be  found.  It  will 
be  sufficient  to  state  that  the  theories  of  the  day  divide  themselves 
into,  first,  the  contemporaneous  formation  of  mineral  veins  with 
the  rocks  which  enclose  them ;  secondly,  the  filling  of  fissures 
formed  in  rocks  by  the  sublimation  of  substances  driven  by  heat 
from  beneath  upwards ;  and>  thirdly,  the  filling  of  fissures  in  rocks 
by  chemical  deposits  from  substances  in  solution  in  the  fissures, 
such  deposits  being  greatly  due  to  electro-chemical  agency. 

With  regard  to  the  first  of  these  opinions,  we  have  not  observed 
any  facts  in  Cornwall  or  Devon  which  would  lead  us  to  suppose 
that  the  mineral  veins  in  those  counties  were  contemporaneously 
produced  with  the  rocks  which  enclose  them.  On  the  contrary^ 
we  may  observe  that  the  evidence  is  opposed  to  such  an  hypcH 
thesis,  inasmuch  as  the  same  mineral  veins  or  lodes  often  tra- 
verse rocks  of  different  gecdogical  epochs,  and  which  were  id 
many  instances  formed  by  different  causes,  and  hence,  a  body 
traversing  others  formed  at  different  times,  and  often  produced 
by  different  causes,  cannot  be  contemporaneous  with  the  bodies 
traversed,  or  be  produced  by  the  same  cause  with  them.  That 
the  slates  in  which  numerous  mineral  veins  occur,  and  whieb  are 
not  known  to  pierce  into  adjoining  masses  of  granite,  are  products 

*  Etudes  sur  les  D6pdU  M6tallifere8,  D*  Aubuisson's  Traits  de  Gdognotie,  2^  ed., 
torn.  iii.  p.  383.  ' 

f  Report  of  the  Third  Meeting  of  the  British  Association  for  the  Advancement  of 
Science,  held  at  Cambridge  in  1833,  published  1834. 
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derired  from  the  deposition  of  matter  at  different  intervals  of  time, 
there  is  every  reason  to  conclude ;  hence,  lodes  which  traverse> 
masses  ol'  matter  not  contemporaneously  formed  cannot  be  con- 
temporaneous with  such  masses.  The  question  of  the  contem- 
poraneous formation  of  the  mineral  veins  of  Cornwall  and  Devon 
with  the  rocks  containing  them,  can  only  be  maintained  with  any 
show  of  probability  when  they  occur  solely  in  the  granites,  as  then 
there  is  no  evidence  that  the  parts  of  the  body  traversed  by  the 
lode  have  been  successively  formed,  and,  consequently,  as  far  as  that 
argument  goes,  the  vein  may  have  been  contemporaneous  with 
the  rock  enclosing  it  Independently,  however,  of  the  unphiloso- 
phical  character  of  the  reasoning  required  to  maintain  that  the 
lodes  which  were  only  known  to  exist  within  the  granitic  areas,  and 
which  often  run  parallel  to  others  that  partly  occur  in  granite  and 
partly  in  slate,  and  which  do  not  differ  in  any  other  respect  from 
the  portions  of  such  lodes  in  the  granite,  were  contemporaneous 
with  the  granite,  the  fragments  of  granite  which  often  occur  in 
them,  and  the  mode  of  oocurrence  of  the  contents  of  the  lodes  them-, 
selves,  will  not  bear  out  such  an  opinion.  In  the  neighbourhood 
of  St.  Austell  we  have  direct  evidence  that  many  of  the  tin  and 
copper  lodes  of  that  vicinity  traverse  beds  above  fossiliferous  rocks, 
and  some  can  readily  be  seen  to  cut  through  the  latter,  so  that 
organic  remains  may  be  procured  close  to  the  walls  of  the  lode. 
The  great  Crinnis  lode  from  which  so  much  copper  was  once 
extracted,  and  from  which  large  quantities  of  tin-ore  are  now 
obtained  at  the  Charlestown  mines,  can  readily  be  seen  to  cut 
through  fossiliferous  beds  at  the  bay  where  it  comes  to  the  coast, 
and  is  itself  cut  off  by  a  great  cross  course.  In  the  same  bay  the 
Regency  copper-lodes  on  the  south  of  the  Crinnis  lode  cut 
through  the  same  beds,  and  organic  remains  may  be  obtained 
dose  to  their  walls. 

With  regard  to  the  tin-strings  which  sometimes  traverse  the 
granites  and  elvans  in  a  variety  of  directions,  so  that  they  fre- 
quently appear  to  cross  each  other,  thus  resembling  that  mode  of 
occurrence  to  which  the  German  miners  have  given  the  name  of 
Stoekwerek,  we  have  not  seen  any  which  did  not  either  take  lines. 
corresponding  with  those  of  divisional  planes,  or  could  be  consi- 
dered as  minor  fractures  produced  in  the  vicinity  of  greater  dislo- 
cations, and  would  be  open  spaces  formed  before  the  metallic  ores 
and  other  substances  now  in  them  were  introduced. 
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With  a  few  important  exceptions,  the  present  impression  among 
the  Cornish  miners  seems  to  be  that  lodes  are  contemporaneous 
with  the  rocks  in  which  they  are  found.  How  long  this  opinion 
may  have  been  prevalent  it  is  difficult  to  ascertain ;  but  its  more 
general  dissemination  in  Cornwall  may  peiiiaps  be  dated  from 
the  animated  discussions  which  at  one  time  prevailed  respecting 
the  geological  date  of  the  granite  veins  of  that  country,  it  being 
held  by  the  supporters  of  one  of  the  views  taken,  that  the  granites 
and  slates  of  Cornwall  were  contemporaneous,  and  that  the  elvans, 
lodes,  and  cross  courses  were  contemporaneous  also,  the  differ- 
ences of  mineral  structure  and  mode  of  occurrence  having  arisen 
from  certain  affinities,  so  that  one  aggregation  of  mineral  matter 
took  the  character  of  granite,  another  that  of  slate,  another  of 
elvan,  and  so  on,  according  to  circumstances,  the  mineral  veins 
being  minor  separations  of  matter  irom  the  greater  masses. 

Pryce,  who  published  his  Mineralogia  Cornubiensis  in  i  778, 
makes  no  mention  of  this  opinion,  which,  as  he  often  cites  those 
of  his  day  on  other  subjects  of  the  same  kind,  we  may  have  ex- 
pected him  to  have  done,  if  it  prevailed  to  any  considerable  extent 
at  his  time  in  Cornwall.  He  speaks  of  lodes  as  fissures  in  rocks, 
without  any  intimation  that  in  this  respect  he  differed  from 
Comishmen  in  general. 

The  opinion  that  mineral  veins  are  fissures  in  rocks  subsequently 
filled  is,  as  is  well  known,  very  ancient,  and  will  be  found  in 
various  works  firom  the  time  of  Agricola  down  to  the  present 
day.  Von  Oppel,  in  the  middle  of  the  last  century,  seems,  bow- 
ever,  to  have  been  the  first  who  took  a  somewhat  enlarged  view 
of  the  subject.  He  supposes  that  after  the  rocks  in  which  the 
veins  occur  were  formed  they  suffered  great  desiccation,  and  were 
exposed  to  violent  shocks.  ''  In  consequence  of  these  changes  the 
rocks  and  mountains,  which  formerly  composed  one  continuous  DEiass 
were  split  asunder;  whilst  this  took  place,  it  might  easily  happen 
that  one  of  the  rocks  slipped  from  the  other,  leaving  between 
them  open  spaces,  which  were  afterwards  filled  up,  in  part  at  least, 
with  different  mineral  substances.*'  He  afterwards  remarks  that 
*'  it  is  difficult  to  conceive  how  rents  and  openings  of  considerable 
size  can  be  produced  without  some  portion  of  the  adjoining  rock 
suffering  such  a  strain  as  would  form  lateral  chinks,  so  that  the 
principal  rent  should  terminate  in  several  smaller  ones.  When 
these  smaller  rents  are  filled  with  the  same  matter  as  the  principal 
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vein  they  are  said  to  be  branches  of  the  principal  vein ;  in  this 
case  the  vein  is  said  to  ramify  or  divide  into  branches.'* 

Von  Oppel  was  also  aware  that  the  walls  of  a  lode  did  not 
always  coincide^  so  that  the  fissure  was  also  a  fault.  He  remarks — 
"It  sometimes  happens  that,  when  a  vein  is  formed  in  a  stratiGed 
mountain,  the  vein  not  only  traverses,  but  also  deranges  a  stratum, 
that  is  to  say,  that  one  of  the  two  parts  of  the  intersected  stratum 
changes  its  position,  being  elevated  or  depressed  in  relation  to  the 
other  strata;  so  that  in  this  case  the  strata  are  said  to  have 
shiaed."* 

Pryce  was  perfectly  aware,  in  1778,  that  evidence  existed  in 
Cornwall  of  successive  dislocations  of  the  rock  containing  the 
lodes,  such  dislocations  having  been  "  occasioned  by  so  many 
shocks  and  subsidences;**  adding,  ''that  the  strata  were  not 
unfooted,  shaken,  or  brought  to  fall  once  only,  or  twice,  but 
several  times."  f  He  particularlys  point  out  the  mechanical  effects 
produced  by  cross  courses,  and  observes  that,  "  because  cross 
gossans  or  cross  ilukans  run  through  all  veins  of  opposite  direc* 
tioDs,  without  the  least  interruption  from  them,  it  seems  reason- 
able to  conclude  that  the  east  and  west  veins  were  antecedent  to 
cross  veins."  ;|; 

The  same  author  observes  also  that  there  are  in  Cornwall 
lodes  "  which  frequently  pass  through  all  others  except  cross  gos- 
sans, and  are  called  by  the  name  of  contras.  Such  lodes  direct 
east  and  west  more  nearly  than  any  others;  and,  therefore,  in 
their  course  run  through  many  other  lodes,  intersecting  them  at 
very  oblique  angles.  All  veins  crossing  each  other  may  be 
termed  contras  in  respect  of  each  other,  as  their  courses  are  in 
(^position  ;  but,  from  the  best  information  I  can  procure,  all  those 
gossans  which  are  direct  east  and  west  run  through  every  other 
lode  like  cross  gossans,  but  do  not  disorder  them  in  the  same 
manner;  therefore  I  choose  to  fix  the  name  contra,  vulgarly 
called  caunter,  to  these  direct  east  and  west  lodes,  of  whose  direc- 
tion and  fertility  the  great  Huel  Virgin  is  one  notable  instance." 
He  particularly  remarks  that   ''  the  lode  which  separates  and 

*  Anderaon's  translation  of  Werner's  Theory  of  the  Formation  of  Veins,  pp.  33, 
34,  where  Von  Oppel's  Anleitung  zur  Markscheidekonst  (1749),  and  Bericht 
Ten  Ber|;bau(  1749)  are  quoted. 

t  Vineralog^ia  Comubiensis,  p.  82. 

t  A.  p.  101. 
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goes  through  another  must  have  been  formed  subsequently  to 
that  which  it  divides  and  passes  between."  * 

Pryce  also  particularly  describes  the  faults,  commonly  termed 
slides,  which  traverse  the  lodes  in  their  underlie,  and  notices  the 
various  shifls  occasioned  by  this  kind  of  dislocation,  giving  a 
section  of  6oon-laz  and  the  Pink  mine^  in  St.  Agnes,  in  illustra- 
tion of  the  subject.-)- 

Werner  in  his  new  theory  of  veins,  published  at  Freiberg  in 
1791,  points  out  the  relative  ages  of  mineral  veins  by  meaus  of 
their  intersections,  stating  that  "every  vein  which  intersects  another 
is  newer  than  the  one  traversed,  and  is  of  later  formation  than 
those  which  it  traverses."  He  considered  that  he  was  the  first 
to  notice  this  circumstance,  which,  as  we  have  above  seen,  was 
previously  insisted  upon  by  Pryce.  In  all  probability,  however, 
as  Dr.  Anderson  observes,  Werner  was  unacquainted  with  Pryce's 
Mineralogia  Cornubiensis  at  the  time  he  wrote,  as,  from  the 
general  fairness  of  his  writings,  he  would  have  otherwise  mentioned 
that  work.  Werner  notices  the  frequency  of  those  cases  in  which 
the  hanging  wall  is  found  much  lower  down  in  the  lode  than  the 
foot-wall,  being  the  effect  of  a  dislocation  by  which  one  side  of 
the  fissure  is  let  down  relatively  to  the  other,  and  cites  the  tin- 
veins  at  Zinnwald  as  good  examples  of  this  £act  He  seems  the 
first  to  have  observed  that  veins  "  have  become  larger  and  larger, 
perhaps  during  the  very  time  they  were  filling  up,"  and  "  that 
the  greater  number  of  the  old  rents  were  filled  up,  and  conse- 
quently shut,  at  the  time  new  ones,  either  having  the  direction  of 
the  old  ones,  or  traversing  them,  were  formed."J 

Both  Pryce  and  Werner  remarked  upon^the  different  directions 
of  the  veins  of  different  ages  in  the  countries  known  to  them.  The 
former  pointed  out  that  there  were  three  kinds  of  lodes  of  different 
ages  in  Cornwall,  the  magnetic  east  and  west  veins  (W.  25°  S., 
and  E.  25^  N.),  the  contra-lodes  (E.  and  W.,  nearly),  and  the 
cross  courses  (frequently  about  N.  25°  W.  and  S.  25°  E.) ;  and 
Werner  remarked  that  the  N.  and  S.  lodes  of  Freiberg  were  tra- 
versed by  veins  which  vary  in  direction  from  E.  and  W.  to  S.E.  and 
N.W.  (six  to  nine  o'clock  veins.)  He  also  observed  that  the  tin- 
veins  of  the  Ehrenfriedersdorf  mining-district  having  a  direction 
from  E.  and  W.  to  S.E.  and  N.W.  are  always  traversed  by  the 

*  Mineralogia  Cornubiensis,  p.  105.  f  A.  p.  106,  &C.,  and  pi.  1* 

i  Werner's  Theory  of  Veins,  Chap,  v.,  (  53. 
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silver-veinsi  the  direction  of  which  varies  from  S.E.  and  N. W.  to 
N.E.  and  S.W.*  Werner  further  considered  that,  by  the  inclina- 
tion and  direction  of  the  principal  veins  of  the  same  formation  in 
any  one  country,  which  are  usually  almost  parallel,  but  still  more 
so  by  those  of  any  particular  vein,  we  shall  be  able  to  determine 
with  sufficient  accuracy  the  place  from  whence  the  force  which 
has  cut  the  rock  has  proceeded,  and  also  the  direction  it  has 
taken,  f 

Mr.  Came,  in  a  memoir  on  the  relative  age  of  the  veins  of 
ComwaU,  published  in  1S22,  divides  the  fissures,  resulting  from 
the  successive  dislocations  of  the  rocks  in  which  they  occur,  into 
eight  epochs  of  formation,  on  the  principle  that  the  fissures  of  one 
epoch  traverse  all  those  of  preceding  epochs,  and  are  only  cut 
through  by  those  which  may  be  produced  afterwards.  By  east 
caid  wnt  lodes,  Mr.  Carne  states  he  means  ''  metalliferous  veins 
whose  direction  is  not  more  than  30^  from  those  points :  by  contra* 
lodes,  metalliferous  veins  whose  direction  is  from  30°  to  60°  from 
east  and  west ;  and  by  cross  courses,  veins  whose  direction  is  not 
more  than  30°  from  north  and  south.  The  eight  epochs  into 
which  he  divides  the  fissures  are  as  follow: — 1.  The  oldest  tin- 
lodes.  2.  The  more  recent  tin-lodes.  3.  The  oldest  east  and 
west  copper-lodes.  4.  The  contra  copper-lodes.  5.  Cross 
courses.  6.  The  more  recent  copper-lodes.  7*  The  cross  flukans 
(cross  courses  filled  wholly  by  clay).  8.  The  slides  (faults, 
wholly  filled  with  clay,  having  their  most  general  direction  parallel 
with  the  tin  and  copper  lodes,  and  heaving  such  lodes  in  their  un-^ 
derlie  or  dip).;];  The  theory  of  these  distinctions  is,  that  fissures 
opened  at  different  and  succeeding  times  have  to  a  certain  extent 
been  differently  filled  by  mineral  substances,  and  that  the  directions 
of  the  fissures  have  at  certain  times  been  different,  each  set  of 
fissures  possessing  marked  characteristics  in  this  respect.  What- 
ever may  be  thought  of  the  necessity  of  some  of  the  eight  dis- 
tinctions above  made,  the  value  of  the  memoir  itself  cannot  be 
doubted,  embodying  as  it  does  a  great  mass  of  facts,  and  having, 
as  Mr.  Robert  Fox  justly  observes,  formed  an  epoch  in  the  records 
of  Cornish  mineral  vein8,§  in  proof  of  which  it  is  merely  necessary 
to  glance  at  what  had  been  previously  published  on  the  subject, 
and  the  frequent  use  which  has  been  subsequently  made  of  it. 

•  Wernei^s  Theory  of  Veins,  Chap,  iii.,  5  35.  +  lb.  Chap.  v.  }  57. 

X  Trans.  Geol.  Soc.  of  Cornwall,  vol.  ii.  p.  85—119. 

(  Obeerrations  on  Mineral  Veins,  p.  1. 
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From  the  dale  of  Mr  Game's  paper^  nothing  further  has  been 
published  respecting  the  relative  date  of  the  veins  of  Cornwall, 
as  deduced  from  the  dislocation  of  fissures  with  given  directions 
by  others  which  have  different  directions  either  horizontally  or 
vertically.  Before,  however,  we  proceed  to  consider  this  point 
further,  it  will  be  necessary  to  give  an  abstract  of  the  important 
researches  of  Mr.  Hopkins  into  the  directions  which  would  be 
taken  by  fissures,  under  given  conditions,  either  formed  at  the 
same  time  or  at  periods  subsequently  to  each  other ;  his  object 
being  to  ascertain  if  the  phenomena  of  anticlinal  lines,  faults, 
mineral  veins,  or  by  whatever  name  similar  lines  of  disturbance 
or  dislocation  maybe  known,  are  not  referrible  to  some  **  widely- 
diffused  action  of  some  simple  cause,  general  in  its  nature  with 
respect  to  every  part  of  the  globe,  and  general  in  its  action,  at 
least  with  respect  to  the  whole  of  each  district  throughout  which 
the  phenomena  are  observed  to  approximate,  without  interruption, 
to  the  same  geometric  laws.*** 

With  respect  to  the  action  of  an  elevating  force,  Mr.  Hopkins 
sets  out  by  hypotheses  as  simple,  he  conceives,  as  the  nature 
of  the  subject  will  admit  of.  He  says,  ''  I  assume  this  force  to 
act  under  portions  of  the  earth's  crust  of  considerable  extent  at 
any  assignable  depth,  either  with  uniform  intensity  at  every  point, 
or  in  some  cases  with  a  somewhat  greater  intensity  at  particular 
points;  as,  for  instance,  at  points  along  the  line  of  maximum 
elevation  of  an  elevated  range,  or  at. other  points  where  the  actual 
phenomena  seem  to  indicate  a  more- than  ordinary  energy  of  this 
subterranean  action.  I  suppose  this  elevatory  force,  whatever  may 
be  its  origin,  to  act  upon  the  lower  surface  of  the  uplifted  mass 
through  the  medium  of  some  fluid  which  may  be  conceived  to  be 
an  elastic  vapour,  or  in  other  cases  a  mass  of  matter  in  a  state  of 
fusion  from  heat."  f 

"  The  first  effect  of  our  elevatory  force,"  observes  the  same 
author  in  continuation,  ''  will  of  course  be  to  raise  the  mass  under 
which  it  acts,  and  to  place  it  in  a  state  of  extension,  and  conse- 
quently of  tensiou.  The  increase  x>(  intensity  in  the  elevatory  force 
might  be  so  rapid  as  to  give  it  the  character  of  an  impulsive  force, 
in  which  case  it  would  be  impossible  to  calculate  the  dislocating 
effects  of  it."  He  therefore  always  assumes  "  this  intensity  and  that 

*  Hopkins,  Resevrches  in  Physical  Geology,  Tranaactions  of  the  Cambridge 
Philosophical  Society,  voL  v].,part  i.  f  R. 
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of  the  consequent  tensions  to  increase  continuously,  till  the  tension 
becomes  sufficient  to  rupture  the  mass^  thus  producing  fissures  and 
dislocations/'  the  nature  and  position  of  which  it  is  the  first  object 
of  his  investigation  to  determine.  "  These  will,"  he  proceeds, 
"depend  partly  on  the  elevatory  force,  and  partly  on  the  resistance 
opposed  to  its  action  by  the  cohesive  power  of  the  mass.  Our 
hypotheses  respecting  the  constitution  of  the  elevated  mass  are  by 
no  means  restricted  to  that  of  perfect  homogeneity ;  on  the  con- 
trary, it  will  be  seen  that  its  cohesive  power  may  vary  in  general, 
according  to  any  continuous  law ;  and,  moreover,  that  this  power, 
in  descending  along  any  vertical  line,  mjay  vary  according  to  any 
discontinuous  law,  so  that  the  truth  of  our  general  results  will  be 
independent ;  for  example,  of  any  want  of  cohesion  between  con- 
tiguous horizontal  beds  of  a  stratified  portion  of  the  mass.  Vertical 
or  nearly  vertical  planes,  however,  along  which  the  cohesion  is 
much  less  tlian  in  the  mass  immediately  on  either  side  of  them, 
may  produce  considerable  modifications  in  the  phenomena  result- 
ing from  the  action  of  an  elevatory  force.  The  existence  of 
Joints,  for  instance,  or  planes  of  cleavage,  in  the  elevated  mass, 
supposing  the  regularly  jointed  or  slaty  structure  to  prevail  in  it 
previously  to  its  elevation,  might  affect  in  a  most  important  degree 
the  character  of  these  phenomena.*'  Mr.  Hopkins  further  remarks 
that  to  a  mass  so  constituted  his  investigations  must  not  be  con* 
sidered  as  generally  applicable,  and  that  in  them,  "  vertical  or 
highly-inclined  planes  of  least  resistance  will  only  be  assumed  to 
exist  partially  and  irregularly  in  the  elevated  mass." 

After  considering  the  subject  of  the  direction  which  fissures 
would  take  under  a  variety  of  circumstances  in  a  thin  lamina, 
this  author  states  the  impossibility  of  forming  in  succession  pa- 
rallel fissures  not  far  distant  from  each  other  in  a  mass  subjected 
to  such  tensions  as  he  supposes  acting  upon  such  lamina.  ''In  any 
system  of  parallel  fissures,*'  he  says,  "  which  are  not  remote  from 
each  other,  the  fissures  could  not  have  been  formed  in  succession," 
though  it  is  easy  to  understand  how,  in  an  assumed  case  ''  of  two 
systems  of  tension  perpendicular  to  each  other,  any  number  of 
parallel  fissures  may  be  formed  simultaneously."  He  further  re- 
marks, as  ''  evident,  that,  in  whatever  manner  a  system  of  pa- 
rallel fissures  may  be  produced,  after  their  formation  the  only 
tension  of  the  mass  between  them  must  be  in  a  direction  parallel 
to  them.     Consequently,  should  any  other  system  be  subsequently 
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formed,  it  must  necessarily  be  in  a  direction  perpendicular  to 
that  of  the  first  system.  No  two  systems  of  parallel  fissures,  not 
perpendicular  to  each  other,  could  be  formed  by  causes  similar 
to  those  of  which  we  have  been  investigating  the  eflFects." 

Mr.  Hopkins,  in  applying  his  investigations  to  a  mass  of  three 
dimensions,  deduces  a  series  of  important  conclusions,  among 
which  are  the  following : 

*'  If  the  mass  be  subjected  to  two  systems  of  parallel  tensions  of 
which  the  directions  are  perpendicular  to  each  other,  two  systems  of 
parallel  fissures  may  be  produced,  of  which  the  directions  will  be 
perpendicular  to  each  other.  No  two  systems  of  parallel  fissures 
could  be  thus  formed,  of  which  the  directions  should  not  be  per- 
pendicular to  each  other." 

''If  the  fissures  in  either  of  these  systems  be  near  to  each 
other,  they  could  not  be  formed  by  such  tensions  as  we  have 
been  considering,  in  succession.  They  must  be  formed  simulta- 
neously in  each  system.  One  system,  however,  might  be  formed 
at  any  time  subsequently  to  the  other.'* 

Mr.  Hopkins  very  carefully  points  out  the  modifications  which 
may  be  produced  by  given  conditions,  especially  the  effects  of 
more  intense  action  of  the  elevatory  force  at  particular  points,  so 
that,  if  this  ''  be  sufficiently  great  and  exactly  simultaneous  with 
the  elevatory  force,  it  may  modify  materially  the  position  of  the 
longitudinal  fissures."  He  moreover  notices  the  sense  in  which 
the  term  parallelism  should  be  regarded,  observing  that,  ''  if  the 
extent  of  the  mass  be  comparatively  small,  and  its  boundary  irre- 
gular, this  property  would  altogether  cease  to  characterise  the 
phenomena,"  and  that,  *'  if  the  axis  of  the  goieral  elevation  of  in- 
definite length  be  not  in  a  right  line,  the  fissures  of  the  longitu- 
dinal system  (assuming  them  to  be  produced  in  the  manner  he 
indicates)  will  still  be  parallel  to  this  axis  (in  the  sense  in  which 
one  curve  line  may  be  said  to  be  parallel  to  another),  and  every 
fissure  of  the  transverse  system  will  be  perpendicular  to  each 
fissure  of  the  former  system  at  the  points  of  their  intersections, 
and  consequently  the  fissures  of  this  transverse  system  will  not 
be  parallel.  ''  Again,  if  we  suppose  the  superficies  of  our  elevated 
mass,"  he  continues,  *'  to  be  of  finite  length,  and  to  be  bounded, 
for  instance,  by  a  line  approximating  to  the  form  of  an  elongated 
ellipse^  the  direction  of  the  fissures  in  the  transverse  system>  as 
we  approach  towards  either  extremity  of  the  elevated  range,  will 
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gradually  change  from  perpendiccilarity  with  the  major  axis  (the 
axis  of  elevation)  till  they  become  parallel  to  it  at  the  extremi- 
ties of  the  ellipse,  always  preserving  their  approximative  coin- 
cidence with  the  directions  of  the  lines  of  greatest  inclination  of 
the  general  surface  of  the  mass.  The  fissures  of  the  other  system 
will  be  approximately  perpendicular  to  these  lines.  In  this  case, 
then,  the  two  systems  will  be  no  longer  characterised  by  any 
constant  relations  which  their  directions  bear  to  that  of  the  axis 
of  elevation,  and  therefore  the  terms  longitudinal  and  transverse 
will  cease  to  designate  them  so  correctly  as  in  other  cases."  It 
is  further  observed,  that,  ''  if  the  elevated  mass  be  of  great  super- 
ficial extent,  partial  irregularities  in  its  boundary  will  have  no 
appreciable  effect  in  the  directions  of  the  fissures ;  and,  though  two 
remote  fissures  of  the  same  system  might,  in  such  case,  be  in- 
clined at  any  angle  to  each  other,  any  two  adjoining  fissures 
would  in  general  be  approximately  parallel." 

Having  thus  endeavoured  to  present  a  general  idea  of  the 
views  of  Mr.  Hopkins,  rendered  aUke  necessary  by  the  import- 
ance of  the  subject  and  of  the  researches  themselves,  we  will  now 
proceed  to  examine  a  few  facts  which  may  bear  upon  them,  con- 
nected with  the  faults  and  mineral  veins  of  the  district  under  con- 
sideration. 

In  the  first  place,  if  the  mass  of  country  before  us  were  now 
acted  upon  by  an  elevatory  force,  such  force  would  not  be  exerted 
upon  a  mass  possessing  homogeneity,  since  it  is  composed  of  a 
variety  of  rocks  not  only  of  variable  hardness  and  cohesion,  but 
offering  planes  of  less  resistance  of  a  very  complicated  order, 
some  being  divisional  planes,  and  others  planes  of  stratification ; 
even  supposing,  for  the  sake  of  illustration,  that  the  mass  was 
unbroken  by  those  numerous  faults  and  other  fissures  of  disloca- 
tion which  now  traverse  it.  Much  of  this  variable  character  is 
due  to  time,  during  which  additional  matter,  of  very  variable 
cohesion,  has  been  accumulated  upon  the  earliest  consolidated 
rocks.  The  planes  of  stratification  have  necessarily  become  mul- 
dplied  by  the  addition  of  new  beds  of  stratified  rocks,  and  divi- 
skmal  planes,  unless  we  suppose  all  to  have  been  formed  at  one 
given  time  (an  hypothesis  not  very  probable),  were  successively 
produced,  so  that,  in  the  earlier  geological  ages  of  the  area  com- 
prising Cornwall,  Devon,  and  Western  Somerset,  we  may  assume 
more  homogeneity  in  the  solid  matter  forming  the  earth's  crust 
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at  that  point  than  is  now  to  be  found,  and  consequently  gwen 
causes  acting  upon  such  mass,  all  other  things  being  equal, 
would  then  produce  more  uniform  results,  that  should  be  mainly 
governed  by  homogeneity,  than  they  could  now,  when  other 
masses  of  mineral  matter,  possessing  a  very  variable  character, 
are  wholly  or  in  part  accumulated  upon  it. 

We  have  next  to  examine  whether  there  is  any  geological  evi- 
dence to  show  that  an  elevatory  force  has  acted  at  all  on  the  area 
before  us,  and,  if  there  be  evidence  to  that  effect,  then  to  see  what 
geological  date  may  be  assigned  to  such  force,  and  note  how  far 
any  lines  of  fissure  may  coincide  with  any  axis  of  elevation.-  There 
will  be  little  difficulty  in  perceiving,  from  what  has  been  pre- 
viously stated,  that  there  is  evidence  of  an  elevatory  force  or 
forces,  and  that  among  the  effects  resulting  from  it  or  them  has 
been  the  protrusion  of  granite,  which,  judging  from  the  bosses 
now  exposed  to  view,  would  give  an  axis  of  elevation  extending 
from  about  E.N.E.  to  W.S.W. ;  an  accumulation  of  more  modem 
rocks  concealing  the  eastern  continuation  of  it  beyond  Dartnooor, 
while  the  Atlantic  covers  its  western  portion  beyond  the  SciUy 
Islands.  There  will  be  little  difficulty  in  considering  that  the 
superficially  isolated  patches  of  granite  in  Devon  and  Cornwall 
are  connected  beneath  the  intervening  slates,  and  that  the  latter 
have  been  borne  up  upon  th^  back  of  the  concealed  and  con- 
necting granite  masses  in  such  a  way  that  their  constituent  beds 
are  seen  to  be  more  clearly  turned  out  of  their  previous  positions 
at  the  points  where  the  granite,  being  impelled  upwards  with 
greater  force,  or  meeting  with  less  resistance,  broke  through 
them. 

We  have  no  good  geological  evidence  to  adduce  that  this  ele- 
vatory movement  (supposing  for  the  sake  of  investigation  that  it 
was  a  single  movement)  was  accompanied  by  any  system  of 
fissures,  for  we  have  to  assume  that  the  granite  was  fluids  and 
consequently  could  not  be  divided  by  fissures,  so  that  if  fissures 
had  been  formed  in  the  slates  they  would  have  stopped  at  the 
granites.  We  have  evidence,  however,  that  the  slates  in  inmie- 
diate  contact  with  the  granite  were  greatly  fractured,  and  that 
into  them  the  fluid  granite  was  forced.  At  first  sight  the  elvan 
dykes  would  seem  good  evidences  of  fractures  in  the  slates  pa- 
rallel to  the  axis  of  elevation,  and  filled  by  granite  matter.  When, 
however,  we  come  carefully  to  examine  into  this  subject,  we  find 
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that^  when  elvan  dykes  cut  through  slates,  and  can  be  traced 
up  to  granites^  a  very  large  portion  of  them  can  be  distinctly 
observed  to  enter  the  granite^  so  that  the  fissures  into  which  they 
have  been  forced  have  been  formed  equally  in  the  granite  and  slate> 
and,  consequently,  that  at  least  that  part  of  the  granite  in  which 
the  fissures  were  produced  must  have  been  consolidated :  hence 
they  have  been  formed  subsequently  to  the  exact  period  of  the  first 
elevatory  movement.  The  question  now  arises  whether  all  the 
elvan  dykes  are  of  the  same  age ;  and  here  there  is  considerable 
difficulty.  The  elvans  which  do  not  clearly  cut  into  the  granites 
when  they  arrive  at  them,  after  having  traversed  adjoining  slates, 
may  have  been  injected  into  fissures  formed  at  the  epoch  of  first 
elevation;  but  of  this  we  have  no  proof;  and  every  geologist  who 
endeavours  to  trace  elvan  dykes  in  granite  knows  how  difficult  it 
is  to  foDow  them  under  such  circumstances,  particularly  when 
the  elvan  becomes  more  granitic  than  usual. 

Quitting  this  uncertain  ground,  we  have  evidence  in  the  elvans 
above  noticed,  as  traversing  alike  granite  and  slates,  that  longitu- 
dinal fissures,  corresponding  with  general  lines,  which  may  be 
readily  considered  as  parts  of  the  axis  of  elevation  of  the  De- 
vonian and  Cornish  granite,  were  formed  after  the  consolidation 
of  at  least  the  higher  portions  of  the  granite  now  visible.  These 
fissures  must  have  been  produced  by  tension  of  some  kind,  either 
by  another  elevatory  effect  of  the  same  force  which  raised  the 
granite  in  the  first  instance,  or  by  the  cooling  of  the  granitic  crust, 
which  thus  shrunk  and  formed  fissures  into  which  the  inferior 
fluid  granite  rose,  partly  in  consequence  of  the  pressure  of  solid 
and  heavier  granite  upon  it  A  minor  repetition  of  the  same 
force  which  originally  elevated  the  body  of  granite  and  raised  the 
slates  with  it,  acting  along  a  line  in  a  great  measure  coinciding 
with  the  main  axis  of  the  first  elevation,  is  the  more  simple  hypo- 
thesis^ and  involves  less  difficulty  than  the  other. 

Fig.  68. 
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Let  the  annexed  diagram  (fig.  68)  represent  a  section  in  which 
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s  s  axe  slates  through  which  granite  g  g  g  has  been  protruded  in 
a  state  of  igneous  fluidity,  and  that  sufficient  time  has  elapsed  so 
that  a  crust  of  solid  granite  c  c  has  been  formed,  thicker  where 
uncovered  by  slate  from  the  difference  of  cooling  that  would  arise, 
the  consoUdated  part  covered  by  slate,  a  bad  conductor  of  heat, 
being  thinner  than  where  the  fluid  granite  was  exposed  to  the 
atmosphere  and  the  heat  could  radiate  freely.  In  such  a  state  of 
things  it  is  easier  to  conceive  that  an  elevatory  force  acting  in  the 
direction  of  the  arrows /yy,  and  producing  tension  in  the  solid 
crust  of  rocks  between  S  and  N,  should  cause  rents  e  e  e  ee  e, 
into  which  fluid  granite  g gg  should  be  impelled,  than  that 
rents  should  be  produced  in  the  crust  between  S  and  N  by  the 
contraction  of  such  crust  above  the  fluid  granite  g  g  g,  into  which 
the  latter  should  rise.  We  should  expect  that,  if  there  were  an 
axis  of  elevation,  as  at  A,  though  there  might  be  contraction  from 
consolidation  and  a  tendency  to  form  longitudinal  fissures,  the 
gravity  of  the  separated  parts  would  tend  to  keep  them  together. 
It  may  indeed  be  said,  that,  if  cracks  were  formed  at  the  points 
mmm,  there  would  be  all  the  pressure  at  A  of  both  the  fluid  and 
consolidated  granite  to  force  up  the  former  through  any  fissures 
then  formed.  The  points  mmm,  however,  would  be  those  where 
fissures  would  be  least  likely  to  be  produced  from  the  cause  siip- 
.  posed,  inasmuch  as  the  crust  of  consoUdated  granite  would  be 
there  thin  in  proportion  to  the  covering  of  non-conducting  rocks, 
and  the  latter  would  offer  considerable  resistance  to  the  progress 
of  a  fissure  so  caused,  more  particularly  when  they  formed  a  co- 
vering of  considerable  thickness. 

Having  previously  noticed  the  directions  of  the  Devon  and 
Cornish  elvan  dykes,  we  shall  merely  remark  that  the  principal 
exception  to  the  general  coincidence  with  the  undulating  axis  of 
elevation  we  have  here  supposed  is  the  north  and  south  elvan 
which  holds  its  course  from  Watergate  Bay,  on  the  north  coast 
of  Cornwall,  through  Lower  St.  Columb  to  Mitchell.  We  have 
no  present  means  of  knowing  whether  this  dyke  be  contempora- 
neous with  the  others,  or  anterior  or  posterior  to  them.  Adopting 
the  views  of  Mr.  Hopkins  respecting  the  necessary  tensions,  and 
supposing  the  fissure  to  have  been  formed  by  an  elevatory  force, 
it  would  not  be  considered  contemporaneous.  Be  that  as  it  may, 
the  general  run  of  the  elvans  on  the  west  of  it  is  different,  as  pre- 
viously observed  (p.  179),  from  that  on  the  east. 
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We  have  previously  noticed  that  the  faults  and  veins  of  the 
district  under  consideration  may  be  classed  under  three  principal 
systems  as  regards  directions,  and  that  one  crosses  the  others  at 
considerable  angles^  often  approaching  a  right  angle^  while  the 
two  others  cross  each  other  at  angles  between  30°  and  60''. 
The  first,  or  cross  courses,  evidently  traverse  the  others  having 
difl&rent  directions,  with  the  exception  of  those  dislocations  which 
are  commonly,  in  Cornwall,  termed  slides.  Leaving  the  considera- 
tion of  the  latter  for  the  moment,  we  have  to  inquire  whether,  from 
any  differences  in  the  intensity  of  the  elevatory  force  (supposing 
for  the  sake  of  the  argument  that  such  produced  the  fissures),  or 
in  the  resistances  to  that  force,  could  have  produced  this  variation 
of  direction,  or  crossing  of  fissures  at  the  same  time,  or  whether 
one  set  of  fissures  has  preceded  the  other,  the  one  set  having 
been  traversed  by  the  other.  In  order  to  prove  that  the  east  and 
west  lodes,  as  they  are  termed,  because  they  in  general  approxi- 
mated towards  the  present  magnetic  east  and  west,  have  been 
formed,  as  is  supposed,  prior  to  the  contra,  or  counter  lodes,  it  is 
necessary  to  show  that  the  latter  traverse  the  former  so  that  the 
contents  of  the  contra^ode  cut  off  the  continuity  of  the  lode  consi- 
dered to  be  traversed,  the  walls  being  partly  composed  of  the 
contents  of  the  east  and  west  lode  where  the  traverse  is  effected. 
I'his  is  a  point  upon  which  the  survey  has  received  the  most  con- 
tradictory information.  The  miners  not  unfrequently  say  that 
one  lode  throws  out  another,  that  the  strongest  carries  the  other 
with  it  for  some  distance,  and  that  then  each  holds  on  its  own 
course,  as  represented  beneath  (fig.  69),  where  it  would  be  said 
that  the  larger  lode  ef  carried  the  small  lode  a  d  with  it  from  b 

Pig.  69. 


to  c  ;  but  when  inquiry  is  made  into  the  facts  necessary  to  show  that 
one  lode  actually  traverses  the  other,  the  answers  are  in  general 
fery  unsatisfactory,  records  having  been  very  rarely  kept  of,  or 
attention  directed  to,  the  main  facts  relating  to  actual  intersec- 
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tion ;  and^  unless  it  should  so  happen  that  workings  are  carrying 
on  upon  parts  of  a  rnine^  where  such  intersections  may  occur, 
during  the  examination  of  a  country  by  the  passing  geologist,  he 
cannot  himself  clear  up  these  points. 

If,  as  shown  in  the  above  diagram,  a  b  and  c  c{  are  parts  of  the 
same  lode,  the  points  b  and  c  having  been  once  joined,  and  the 
continuity  of  the  parts  a  b  and  c  d  destroyed  by  the  intersection 
of  the  fissure  e  f,  the  lode  a  b  could  not  be  said  to  be  carried 
with  the  lode  efto  c,  since  there  would  be  nothing  to  carry,  in- 
asmuch as  b  and  c  are  supposed  to  have  been  points  forming 
adjacent  portions  of  the  lode  broken  through  by  the  fissure  ef. 
We  can  however  readily  understand  that,  «y*  being  a  fissure  first 
formed,  a  subsequent  fissure  a  b  may  be  produced  (the  disrupting 
force  acting  in  the  direction  from  a  to  6),  which,  meeting  with  the 
line  of  least  resistance  ej^,  should  follow  that  line  from  6  to  c,  and 
should  afterwards  be  continued  in  the  direction  c  d,  parallel  or 
nearly  so  to  its  first  course.  In  such  a  case  the  new  fissure 
would  pass  along  the  line  abed,  and  be  readily  traced  by  its 
contents  (which  however  ought  to  be  distinctly  seen  to  traverse 
those  of  e  /),  and  the  contents  of  both  fissures  would  occupy  the 
space  from  btoc,  though  the  conditions  then  arising  might  be 
highly  favourable  to  the  alteration  of  both  lodes  firom  electro- 
chemical agency,  and  in  fact  such  intersections  of  lodes  are  often 
occupied  by  bunches  of  ore  and  other  remarkable  accumulations. 
There  is  no  difficulty  in  supposing  that,  if  efhe  a  large  fissure 
and  abed  B,  smaller  fissure  formed  contemporaneously,  or  nearly 
so,  the  difierence  in  their  directions  might  give  rise  to  differences 
of  deposit  from  a  solution,  at  first  of  nearly  uniform  character, 
common  to  both,  but  which  afterwards  became  modified,  the 
changes  in  the  smaller  fissure  varying, .  from  variation  of  condi- 
tions from  those  in  the  larger,  so  that  finally  the  character  of  the 
minor  crack,  as  regards  its  contents,  should  be  different  from  that 
of  the  larger  fissure,  also  as  regards  its  contents. 

Supposing,  for  the  sake  of  illustration,  that  the  east  and  vest 
lodes,  as  they  are  called,  and  the  contra-lodes,  were  produced  by 
distinct  dislocations,  in  the  cases  where  the  contra-lode  is  said  to 
have  carried  the  great  lode  with  it  for  some  distance  (at  Wheal 
Alfred  it  is  said  to  have  done  so  for  480  feet),  the  probabilities 
are,  unless  the  one  can  be  distinctly  seen  to  cut  through  the 
other,  that  the  great  lode  was  last  formed.     Mr.  Came  observes 
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that  the  lodes  were  clearly  distinguishable  from  each  other  when 
together  in  thb  mine.*  In  Wheal  Crenver  the  contra-lode  is 
stated  to  have  been  carried  420  feet  in  the  direction  of  the  great 
lode  where  it  met  the  latter^  and  then  to  have  resumed  its  old 
course :  in  this  case^  unless  actual  intersections  should  prove  it 
otherwise^  we  might  assume  that  the  great  lode  was  first  formed. 
It  should  here,  however,  be  observed,  that  the  Crenver  lode  is,  as 
regards  its  direction,  a  contra*lode  to  that  at  Wheal  Alfred,  and 
that  moreover  the  Wheal  Crenver  lode  turns  up  shortly  after 
meeting  with  the  contra*lode  to  the  northward  in  a  direction 
about  15^  N.  of  true  west,  and  the  contra-lode  runs  about  35°  to 
the  N.  of  W.,  thus  approximating  towards  the  direction  of  some 
cross  courses. 

It  may  be  here  noticed  that  Cornish  miners  always  give  the 
name  of  a  contra-lode,  or  caunter,  to  those  veins  which  do  not 
hold  the  directions  of  their  main  lodes,  and  that,  therefore,  what 
may  be  termed  a  contra-lode  in  one  district  coincides  in  direction 
with  the  true  lodes  of  another ;  thus,  the  lodes  of  the  southern  part 
of  the  St.  Austell  district  coincide  with  many  contra-lodes  in  Gwen- 
nap,  Camborne,  &c. ;  and  the  direction  of  some  contra-lodes  in 
the  former  agree  in  direction  with  the  true  lodes  of  Gwennap,  &c. 
Hence,  when  the  terms  of  lodes  and  contra-lodes  are  employed 
without  reference  to  their  exact  directions,  we  should  be  careful 
not  to  deduce  consequences  from  them  as  regards  any  theory  con- 
nected with  their  respective  directions,  without  being  fully  aware 
of  what  those  directions  actually  are. 

That  many  of  the  lodes  of  Cornwall  distinctly  traverse  each 
other  there  can  be  httle  doubt;  but,  assuming  this  to  be  the  fact,  it 
remains  to  be  seen  if  a  series  of  metalliferous  veins,  having  a  rea- 
sonable approximation  to  another  series,  had  been  formed  antece- 
dently to  that  other  series,  the  one  being  cut  through  by  the  other. 
It  therefore  becomes  very  important  to  possess  well  ascertained 
facts,  showing  the  clear  passage  of  one  series  of  mineral  veins 
across  another,  should  such  be  the  case.  We  have  seen  that  in 
Wheal  Alfred  the  contra-lode  may  have  been  that  first  formed, 
and  perhaps  many  other  instances  of  a  similar  kind  might  be 
{bond.  Mr.  Robert  Fox  informs  us  that  Harriett  lode  at  Dol- 
coath  mine  clearly  traverses  the  contra-lode,  so  that  distinct  walls 
are  seen  across  the  traversed  contra-lode.      The  lodes   in  the 

*  Caxae  od  the  Veins  of  Cornwall,  Trans.  Geol.  Soc.  Cornwall,  vol.  ii.  p.  98. 
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southern  part  of  the  St.  Austell  district  are  said  to  be  crossed  by 
others  having  the  same  direction  as  those  at  Gwennap,  and  one, 
having  the  same  W.S.W.  and  E.N.E.  direction,  heaves  the  Great 
Hewas  lode  near  that  place. 

In  the  present  state  of  the  inquiry  there  is  much  difficulty  in 
arriving  at  conclusions  respecting  the  priority  of  the  two  directions 
as  regards  the  whole  area  before  us;  they,  however,  both  so  far 
coincide  with  the  great  axis  of  elevation  previously  alluded  to,  that 
we  can  readily  consider  them  to  do  so  in  a  general  manner,  the  in- 
tensity of  the  points  of  action,  or  the  resistance  having  been 
variable,  causing  local  deviations  and  complicating  the  fractures. 

In  discussing  this  subject,  it  should  be  recollected  that,  after  a 
series  of  fissures  has  been  produced  and  filled  up  by  mineral 
matter,  the  further  elevation  of  the  same  mass,  by  another  action 
of  the  elevatory  force  in  the  same  direction,  would  be  attended 
with  other  conditions  than  if  it  had  been  subjected  to  a  similar 
action  before  the  fissures  were  so  filled.  Some  of  these  fissures 
have  their  walls  so  cemented  together  that  the  lode  can  with 
difficulty  be  separated  from  the  containing  rock,  and  eren  in 
cases  where  the  walls  of  the  lode  are  not  so  cemented  with  the 
rock,  surfaces  which  might  otherwise  slide  upon  each  other  get 
wedged  by  the  unequal  solid  matter  constituting  the  contents  of 
the  lode,  so  that  a  very  complicated  series  of  fractures  nught  be 
the  result,  some  through  the  lode  (partly  parallel  to  the  walls, 
partly  across  its  contents),  others  extending  across  the  adjoining 
country. 

Having  above  noticed  the  directions  of  the  various  faults  and 
lodes  in  Cornwall,  Devon,  and  West  Somerset  (p.  309),  we  shall 
merely  observe  that  there  seems  evidence  that  many  lines  of  frac- 
ture have  followed  each  other  in  similar  or  nearly  similar  direc- 
tions. Thus,  though,  as  near  Marazion,  lodes  do  not  always  hold 
their  courses  nearly  parallel  to  the  elvans  in  their  vicinity^  the 
cases  in  which  they  do  not  vary  from  it  many  degrees  are  nu- 
merous. If  we  have  been  correct  in  inferring  that  the  lodes  have 
sometimes  suffered  enlargement  at  different  times,  suflScient  time 
having  elapsed  between  each  time  to  permit  solid  mineral  matter 
to  have  been  accumulated,  fractures  have  been  several  times  pro- 
duced in  the  same  or  nearly  similar  lines.  Whether  or  not  the 
contra-lodes  (true  east  and  west  lodes)  have  been  always  formed 
after  the  others,  which  vary  in  direction  from  them  from  lO'*  to  50 
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(and  indeed  we  have  evidence  to  show  that  at  Dolcoath,  and  on  the 
western  part  of  the  Great  Hewas  lodes^  near  St.  Austell,  they 
have  been  cut  by  fissures  taking  directions  coinciding  nearly  with 
the  present  magnetic  east  and  west  in  Cornwall),  these  various  dis- 
locations took  place  prior  to  the  great  cross  courses  which  traverse 
them  in  directions  varying  from  70°  to  90°. 

A  glance  at  the  maps,  or  at  fig.  50  (p.  309),  will  show  that 
the  crossing  of  fissures  varying  from  east  and  west  to  east  25° 
north  and  west  25°  south,  by  otliers  at  considerable  angles,  often 
approaching  right  angles,  constitutes  the  main  feature  in  the  dis- 
locations of  the  district  under  consideration,  the  chief  exceptions 
to  these  principal  directions  occurring  near  St.  Austell,  Marazion, 
and  St.  Just  When  we  observe  these  main  facts,  and  possess 
evidence  that  the  great  leading  lines  of  dislocation  have  a  general 
tendency  to  parallelism,  we  are  led  to  consider  that,  however  little 
some  of  the  phenomena  observed  may  at  first  sight  appear  to 
coincide  with  Mr.  Hopkins*s  views,  such  disagreement  may  in  a 
great  measure  be  due  to  modifying  causes. 

In  the  first  place,  the  minor  detail  may  have  been  extremely 
complicated  by  the  divisional  planes,  as  Hr.  Hopkins  has  pointed 
out  would  be  the  case  if  they  existed  prior  to  the  elevation  of  a 
rocky  mass.  The  planes  of  stratification,  more  particularly  where 
there  has  been  much  contortion,  would  also  aid  in  modifying  the 
results,  and  we  have  seen  that  the  intrusion  of  the  main  masses  of 
granite  appear  io  have  produced  this  eflect.  Homogeneity 
would  not  exist  in  the  mass  to  be  fractured,  even  omitting  the 
divisional  and  bedding  planes,  inasmuch  as  it  would  be  composed 
of  substances  very  variably  distributed,  and  of  very  different  de- 
grees of  cohesion.  The  fissures  may  have  been  long  producing, 
so  that  even  mineral  matter  may  have  been  introduced  into  the 
cracks  first  formed  before  the  whole  mass  subjected  to  tension 
adjusted  itself,  resistances  having  been  gradually  overcome  in  one 
place  before  they  were  in  another,  so  that,  from  the  complication 
of  these  resistances,  partial  lines  of  fissures  may  appear  to  vary 
even  50"  from  each  other.  The  effects  of  the  first  great  fractures 
having  been  accomplished,  we  may  consider  that  there  was  a  state 
of  rest^  after  which  the  whole  was  again  subjected  to  tension, 
when  the  great  cross  courses  were  produced,  in  accordance  with 
the  views  of  Mr.  Hopkins,  at  angles  as  much  approaching  right 
angles  as  the  modifying  circumstances  would  permit. 
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It  beiDg  a  well-ascertained  point  in  Coniwall  that  the  slides 
traverse  the  cross  courses  in  directions  coinciding,  or  nearly  so, 
with  the  lodes  cut  by  the  cross  courses  themselves,  and  as  we 
appear  also  to  have  evidence  that  lines  of  eastern  and  western 
dislocations  may  have  been  produced  at  different  geological 
epochs  in  the  district  or  its  vicinity,  and,  for  aught  that  can  be 
adduced  to  the  contrary,  the  like  may  have  happened  to  the 
northern  and  southern  faults,  it  may  be  right,  before  we  consider 
these  facts  at  variance  with  Mr.  Hopkins's  view,  to  consider 
whether  they  may  not  render  it  support.  We  can  imagine  that 
after  the  fissures  have  been  formed  they  have  been  so  cemented  by 
mineral  matter  that  one  set  may  have  been  chiefly  open  when  the 
necessary  tension  was  produced,  so  that,  with  proper  allowances 
for  modifying  circumstances,  the  new  dislocations  were  at  right 
angles  to  it.  We  can  further  readily  suppose  that  there  have 
been,  during  any  time  that  the  mass  may  have  been  placed  under 
tension,  very  considerable  differences  in  it  from  the  variable  manner 
in  which  the  previous  fissures  have  been  so  cemented  by  mineral 
matter,  so  that  contemporaneous  effects  by  the  same  elevating 
force  may  have  sometimes  produced  fissures  nearly  coinciding 
with  lines  of  previous  dislocation  in  some  places  and  not  in  others. 
Be  this  as  it  may,  the  tendency  of  so  many  fissures  to  be  parallel 
to  each  other,  viewing  the  subject  on  the  large  scale,  and  to  be 
traversed  by  great  lines  of  dislocation  at  considerable  angles,  is 
very  remarkable  ;*  and,  as  Mr.  Hopkins  has  offered  us  a  theory 
which,  under  certain  conditions,  would  explain  similar  facts,  we 
seem  bound  rather  to  see  how  far  apparently  adverse  phenomena 
may  be  explained  by  modifying  circumstances,  than,  by  regarding 
nothing  else  than  the  apparent  exceptions,  cease  to  take  a  fair 
view  of  the  explanation  of  them  afforded  us,  and,  consequently, 
shut  ourselves  out  from  the  truth  to  which  it  may  lead  us. 

With  regard  to  the  filling  of  fissures  by  chemical  means,  Pryce 
has  some  observations  that  show  considerable  advance  towards 
a  due  appreciation  of  a  play  of  affinities  by  which  substances  may 
be  carried  in  solution  into  a  fissure,  and  afterwards  arrange 
themselves  there  according  to  the  new  conditions  to  which  they 

*  The  great  north  and  south  dislocations  of  DeTOn  and  Cornwall  aie  oontiiiued 
through  South  Wales,  in  which  the  northern  and  southern  faults  are  abundant,  and 
easily  asceitained  by  means  of  the  coal-mines.  Some  of  the  heaves  produced  by 
them  are  veiy  considerable. 
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may  become  exposed  He  says^  *'  we  may  reasonably  infer  that 
wafer,  in  its  passage  through  the  earth  to  the  principal  fissures, 
imbibes,  together  with  the  natural  salts  and  acids,  the  mineral 
and  metallic  particles  with  which  the  different  strata  are  impreg- 
nated, and  meeting  in  those  fissures  matters  which  have  nearer 
affinities  with  the  acid,  of  course  disengage  it,  in  whole  or  in  part, 
fitun  the  metallic  or  mineral  matter  which  it  held  dissolved, 
and  which,  on  being  so  disengaged,  by  the  natural  attraction  be* 
tween  its  parts,  forms  different  ores  more  or  less  homogeneous, 
and  more  or  less  rich,  according  to  the  different  mixtures  which 
the  acid  had  held  dissolved,  and  the  nidus  in  which  it  is  deposited. 
The  acid,  now  impregnated  with  a  new  matter,  passes  on,  till, 
meeting  with  some  other  convenient  nidus,  it  lodges  in  that,  and 
thereby  acquires  a  fresh  impregnation,  perhaps,  at  last,  totally 
unmetaUic,  or,  for  want  of  meeting  with  a  proper  nidus,  appears 
at  the  surface  weakly  or  strongly  tinctured  with  those  principles 
it  had  last  imbibed.*"*'  Though  this  passage  is,  of  necessity, 
marked  by  the  chemical  knowledge  of  the  day,  it  shows  that 
Pryce  considered  that  the  non-mechanical  contents  of  veins,  par- 
ticulariy  the  ores,  might  be  introduced  into  the  fissures  by  means 
of  solutions  which  percolated  through  the  adjoining  rocks,  and 
that  then  the  various  substances  in  solution  in  the  fissures  ar- 
ranged themselves  according  to  their  affinities.  He  remarks  on 
the  occurrence  of  even  small  parts  of  lodes  containing  several  dif- 
ferent kinds  of  ore  separated  from  each  other  by  quartz,  clay,  and 
other  substances,  and  asks  how  this  could  have  been  effected,  "  but 
by  the  agency  of  water  to  bring,  and  the  power  of  attraction  to 
arrest,  such  and  such  particles,  and  deposit  each  in  its  proper  matrix 
or  nidus."*  f  He  particularly  notices  the  various  kinds  of  lodes, 
as  distinguished  by  the  miners  according  to  their  contents,  point- 

•  MiiienlogiA  Comabiensu^  p.  6, 1778. 

t  Mmefslogia  Cornubieosit,  p.  8.  Prjce  afker  this  pasiage  carriet  his  opinion  of 
Ifae  poanbla  aitention  of  lodes  so  for  as  to  suppose  that  they  may  even  iA  a  &w  cen- 
taiiee  change  their  chaiacter  so  as  to  be  rich  at  one  time  and  poor  at  another,  mineral 
snbetaaccs  being  transferred  from  one  part  of  a  lode  to  another,  **  according  to  the 
sointiea  mud  tiaukmigration  of  their  respective  principles,  which  are  deposited  in 
iMDe  other  magnetic  nidus,  whose  power  of  retention,  in  procew  of  time,  may  be  again 
dccmd,  tliose  principles  again  depart,  and  again  be  arrested  ad  infimium.**  However 
bfciW  we  mny  he  disposed  to  agree  with  Pryce  as  to  the  time  in  which  he  supposes  such 
daages  emn  be  produced,  stiU  we  must  allow  him  the  credit  due  to  the  recognition  of 
the  poMbiUty  of  change  caused  by  alteratioas  of  the  conditions  to  which  the  contents 
id  ^«4pt  may  be  exposed ;  an  opinion  not  in  accordance  with  the  views  of  his  time. 

2  B 
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ing  out  the  difference  between  the  back*y  or  upper  parts^  and  the 
contents  beneath.  He  describes  a  great  variety  of  the  gMMw, 
observing  that  "  the  tender  red  gossan  is  very  much  inclined  to 
produce  copper-ore,  especially  if  the  gossan  be  spungy,  celluhr, 
and  of  a  very  red  colour^  like  to  a  well-burned  brick.  When  it 
is  thus^  and  spotted,  and  tinctured  with  gi:een  copper-ore,  like 
pieces  of  verdigris,  it  does  not  often  deceive  the  proprietors.  So, 
likewise,  stones  of  blue  or  black  copper-ore,  or  of  yeUow  ore 
having  a  black  or  purple  outside,  are  very  hopeful  to  follow  when 
mixed  in  this  gossan.'"'^ 

Although  Agricola  and  others  speak  of  the  deposit  of  minenl 
substances  in  the  veins  from  solutions  in  which  they  were  held, 
Werner  seems  to  haTC  been  the  first  to  point  out  that  the 
layers  of  substances  which  succeed  each  other  in  many  lodes,  and 
which  present  a  general  parallelism  to  the  containing  walls,  are 
often  different  from  each  other,  showing  a  difference  of  the  solu- 
tion or  solutions  from  which  the  various  substances  were  depo- 
sited.!    He  particularly  notices  a  specimen  from  Segen-Gottes 
at  Gersdorf,  "  in  which,  reckoning  from  the  middle  (which  is 
composed  of  two  beds  of  calcareous  spar,  in  which  small  druses 
here  and  there  occur),  thirteen  beds  of  different  minerals  are  ar- 
ranged in  the  same  order  on  each  side  of  the  vein;  diese  are 
fluor  spar,  calcareous  spar,   heavy  spar,  galena,  &c.    In  the 
southern  vein,  Gregorius,  the  two  beds  which  adhere  to  the  sides 
of  the  vein  are  composed  of  crystallised  quartz ;  next  to  that,  oa 
each  side,  is  a  bed  of  sulphuret  of  zinc,  mixed  with  sulphuret  o( 
iron ;  this  is  followed  by  sulphuret  of  lead,  carbonate  of  iron,  sul- 
phuret of  lead,  carbonate  of  silver,  red  silver  ore,  sulphuret  of 
silver ;  the  central  part  which,  of  course,  is  most  recent^  formed 
is  of  calcareous  spar."    Although  Werner  does  not  mention  the 
kind  of  arrangement  of  parts  of  a  lode,  noticed  above  (p.  339), 
and  which  we  had  occasion  to  adduce  at  the  meeting  of  the 
British  Association  for  the  Advancement  of  Science,  in  1836, 
as  evidence  that  in  many  lodes  of  Cornwall  successfve  openings 
or  enlargements  of  the  containing  fissure  have  been  separately 
filled,  it  is  not  improbable  that  he  possessed  some  evidence  of 
this  order,  since  he  observes  that  '*  we  meet  with  distinct  ex- 
amples of  new  veins  formed  in  the  direction  of  those  of  older  date 

*  Mineralogia  Cornubienib,  p.  88.  f  TbMiy  of  Veini,  chap.  iv.  §  52. 
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(either  within  their  substance  or  by  tbe  side  of  them),  forming 
with  them  the  same  individual  substance."*  Among  the  facts^ 
however,  which  he  adduces,  the  mere  occurrence  of  different  ores 
on  different  sides  of  the  lode  is  insufficient  to  prove  the  point,  as 
this  feet  is  observable  in  Cornwall  in  some  lodes  or  parts  of  lodes, 
which  there  is  every  reason  to  conclude  were  filled  during  only 
one  condition  of  the  fissure. 

M.  Foumet  has  observed  that  the  extreme  regularity  noticed 
by  Werner  and  others  does  not  always  take  place,  remarking 
that, "  when,  for  example,  the  veins  contain  fragments  of  the  ad- 
jacent rock  imbedded  in  their  mass,  the  ore  has  in  preference 
attached  itself  around  them,  enveloping  them  in  a  bed  of  greater 
or  less  thickness."  f  He  fiirther  states  that  this  fact  is  frequent 
in  the  nunes  of  the  Hartz,  whence  the  sulphuret  of  lead  obtains 
the  name  of  ringertz,  or  ring-ore. 

The  same  author  has  presented  us  with  a  very  interesting  ac- 
count of  the  evidence  which  exists  of  the  successive  openings  of  the 
mineral  veins  in  the  environs  of  Pontgibaud,  where  for  five  years 
he  was  director  of  the  mines.  He  shows  that  successive  disloca- 
tions not  only  broke  through  the  previously-consolidated  contents 
of  the  lode,  but  also  that  the  complicated  fractures  frequently  ex- 
tended into  the  adjoining  country,  forming  branches.  Chemical 
deposits  of  different  mineral  substances,  or  modifications  of  such 
substances,  are  seen  to  characterise  five  of  the  six  successive  dislo- 
cations which  M.  Fournet  has  been  enabled  to  trace  in  these  lodes, 
the  axth  being  marked  by  the  introduction  of  pebbles  and  sand 
from  above,  a  continuation  of  that  which  still  covers  the  country 
in  many  places,  and  which  is  itself  covered  by  the  lavas  of  the 
extinct  volcanos  of  Louchadiere  and  PranaL  From  this  latter 
circumstance  the  author  observes  that  there  would  be  nothing 
remarkable  in  finding  the  metalliferous  veins  cut  or  divided  out 

*  Iheoij  of  Veins,  chap.  ▼.  §  55. 

t  Etadet  lur  les  D6pdu  H^talliferes,  D'Aubiiisson  Trait6  de  G^ognooe,  torn.  iii. 
h  S'23.  Speaking  of  the  regularity  of  the  rabstancet  filling  some  fissuies,  H.  Fournel 
■ntion  that  li.  I^Aubaisson  notices  a  vein  composed  of  difibrently-coloufed 
^  of  sulphate  of  barytes  and  fluate  of  lime  placed  upon  each  other  with  so  much 
'jniBetzy  in  all  parts,  that  more  could  not  be  accomplished  with  a  compass  and 
'^<  M.  lyAnbuisson  observes  that  this  structure  is  exactly  that  which  would 
bte  taken  place  if  the  fissure  had  been  filled  with  a  solution,  successive  deposits 
&9ID  vkich  had  been  thrown  down  on  its  sides ;  adding,  that  the  section  of  some 
^^^^  and  some  water-pipes,  in  which  successive  deposits  have  been  effected, 
("**ait  sadogous  &cts. 

2b2 
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by  basaltic  dykes^  a  fact  that  seems  to  have  occurred  in  the  veins 
of  Courgoul  and  Saurier,  on  the  S.E.  of  the  Monts  Dores.  It 
further  appears  that  ferruginous  and  calcareous  deposits  are  now 
effected  in  the  open  spaces  which  may  present  themselves  in  these 
veins,  "  so  that,  if  after  working  out  the  lode  the  galleries  be  left 
shut  during  a  long  series  of  years,  and  the  mass  acquire  a  certain 
compactness  from  successive  infiltrations,  new  workings  could  be 
carried  on  upon  the  siliciferous  and  calciferous  hydrates  of  iron. 
The  atde,  or  broken  rubbish,  is  even  found  to  be  cemented  by  very 
compact  ores  of  this  kind,  the  mammillated  surfaces  of  which 
have  sometimes  the  same  appearance  as  some  of  the  hydrates  of 
iron  of  old  date."* 

The  whole  of  the  evidence,  both  of  successive  coatings  of  different 
substances  in  veins  where  the  fissures  seem  always  to  have  re- 
tained the  same  width,  and  of  the  coatings  and  different  modifi- 
cations of  the  contained  mineral  substances  in  those  veins  which 
have  suffered  successive  dislocations,  goes  to  prove  that  chemical 
or  electro-chemical  conditions  in  the  lodes  have  varied  materially 
at  different  times,  producing  a  corresponding  variety  in  the  ar- 
rangement and  number  of  the  various  mineral  substances  contained 
in  them,  and  causing  aggregations  of  similar  matter  in  some  places, 
and  repulsions  of  different  matter  in  others.  Apparent  cases  of 
the  latter  are  particularly  noticed  by  M.  Fournet ;  among  others, 
the  disposition  to  avoid  each  other  of  the  siliceous  and  barytic  de- 
posits in  the  mines  near  Pontgibaud  during  the  filling  up  of  the 
fissures  caused  by  what  he  considers  the  fourth  epoch  of  disloca- 
tion in  those  lodes. 

If  fissures  were  now  produced  in  the  Cornish  rocks,  they  would 
not  only  traverse  those  of  various  kinds  as  regards  geological  age, 
but  they  would  cut  through  substances  which,  though  they  may 
not  differ  very  considerably  in  many  instances  in  their  chemical 
composition,  do  so  with  respect  to  the  mode  in  which  that  compo- 
sition is  arranged,  as  may  be  instanced  in  the  granites  and  eWans 
taken  collectively.    In  a  fissure  traversing  grauwacke,  the  carbon* 
aceous  series,  and  trappean  rocks,  there  might  be  much  diversity 
of  chemical  composition ;  in  the  two  former  more  especially,  beds 
of  very  variable  chemical  character  presenting  themsdves,  aj&d  in 
fissures  which  traversed  granites,  el  vans,  slates,  sandstones,  and 
trappean  rocks,  still  more  so.     A  great  difference  between  them 
*  Etudes  flur  lea  O^pdts  M6tallif(lres,  D' Aubuissoo,  &c.,  p.  543« 
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would  likewise  consist  in  the  comparative  facility  with  which 
water  could  percolate  among  them,  and,  consequendy,  the  power 
with  which  mineral  matter  in  solution  might  be  thus  transmitted 
through  them.  It  may  now  be  considered  a  well-ascertained  fact 
that  the  temperature  of  mineral  vein  fissures  would  be  different 
according  to  their  depths,  the  lowest  part  being  the  hottest.*  If, 
therefore,  we  had  fissures  now  formed,  they  would  traverse  rocks 
of  different  kinds  (the  power  of  water  to  pass  through  which 
would  be  very  variable),  and  the  walls  of  the  fissures  would  pos- 

*  This  fact  may  be  considered  so  well  established  in  Cornwall  by  the  labours  of 
Mr.  Robert  Were  Fox,  Mr.  Hen  wood,  and  others,  that  we  have  abstained  from  ad^ 
dacing  the  evidence  which  was  formerly  considered  necessary  to  give  it  support. 

To  obtain  a  fair  approximation,  with  due  allowanceTor  modifying  causes,  to  the  rate 
of  the  increase  of  heat  with  the  depth  in  Cornwall  and  Devon,  or  to  those  lines  which 
mark  curves  of  equal  temperature  beneath  the  earth's  surface,  and  to  which  Professor 
Bischoff  has  given  the  name  of  chihonuothermai,  would  appear  to  be  now  the  proper 
object  of  inquiry,  one,  however,  which  can  be  only  accomplished  with  great  care,  for 
water  rising  up  the  lodes,  or  percolating  through  the  pores  and  crevices  of  the  ad- 
joining rocks,  would  always  modify  the  temperature  of  particular  portions  of  a  mine. 
Prycelong  since  remarked  that  different  jets  of  warm  and  cold  waters  occur  in  mines 
at  short  distances  from  each  other  (Mineralogia  Comubiensis,  p.  12),  and  the  fact 
has  been  so  often  observed  that  we  might  anticipate  that  an  open  deep  mine,  well 
drained,  would  have  a  tendency  to  be  cooled  by  the  percolation  of  cold  waters  from  the 
surface,  the  warm  waters  which  rise  from  beneath,  and  which  would  tend  to  raise 
thetemperatore  of  the  adjacent  rocks  to  their  own,  being  pumped  out. 

Mr.  Robert  Were  Fox,  in  noticing  the  fact  observed  by  Mr.  Henwood  and  himself, 
that  the  g^ranite  in  the  Cornish  mines  is  found  to  be  less  warm,  at  equal  depths, 
than  the  slates,  observes  that  he  had  long  attributed  this  difference  to  the  facility 
aflbrded  by  lodes  as  compared  with  rocks,  and  of  killas  (slates)  as  compared  with 
granite,  for  the  ascending  and  descending  currents  of  water.— (Observations  on  Mi- 
neral Vnns,  p.  29.) 

Me-  Fox,  considering  that  the  high  temperature  of  the  lowest  parts  of  deep  mines 
is  m  a  great  degree  independent  of  .accidental  or  extraneous  causes  not  existing  in 
the  earth  itself,  and  that  it  is  more  often  diminished  by  them  than  the  reverse, 
earned  thermometers  to  be  placed  at  different  depths  in  the  rocks  in  Levant  Mine 
and  in  the  Consols  Mines  (Ghwennap),  the  result  of  which  was,  that  the  deeper  ther- 
mometers (four  feet  long)  stood  at  a  higher  temperature  than  other  thermometers 
placed  near  them,  and  buried  only  one  inch  in  the  rock.  In  Levant  Mine  the  long 
thsmometer,  in  granite,  at  230  fathoms  from  the  surface  and  200  beneath  the  level  of 
the  sea,  stood  at  80°,  while  the  short  thermometer  rose  only  to  78^-5.  Placed  in 
fVttf^  io  the  same  mine  at  shout  190  fathoms  under  the  sea-level,  and  four  feet  from 
Ifae  lode,  the  former  indicated  78°  and  the  latter  72°*5.  Results  o(  a  similar  kind 
were  obtained  in  Consols  Mines,  with  the  additional  important  information  that,  in 
a  cioM  cnt  in  which  the  experiments  were  made,  the  temperature  increased  towards 
the  lode,  being  in  the  latter  much  more  considerable  than  in  the  cross-cut,  an  effect 
which  Mr.  Fox  attributes  to  the  greater  facility  afforded  bj  it  to  the  ascent  of  cur- 
reote  of  hot  water. 

InTresavean  Mine,  Captain  Oats  obtained  the  following  results,  experimenting  at 
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sess  higher  temperatures  in  proportioQ  to  their  distances  from  the 
surface,  so  that  we  should  infer,  if  the  cracks  descended  sufficiently 
deep,  they  might  reach  incandescent  matter,  assuming  that  the 
heat  continues  to  increase  downwards  from  the  surface  of  the 
solid  crust  of  the  earth,  until  finally  there  is  mineral  matter  kept 
fluid  by  heat. 

We  have  supposed  that  the  elvan  dykes  resulted  from  the 
forcing  up  of  granitic  matter  into  cracks,  and  consequently  we 
assumed  a  propelUng  force  equal  to  the  effect  required.  The  next 
series  of  fissures  which  traverse  the  elvans  may  or  may  not  have 
extended  down  to  the  fluid  mineral  matter  beneath.  If  they  were 
produced  by  a  continuance  of  the  same  elevatory  action  that 
caused  the  fissures  into  which  the  elvans  were  forced,  we  might 
expect  that  the  granitic  matter  would  still  have  been  thrust  up  in 

the  leqaett  of  Mr.  Fox,  with  a  thermometer  (No.  1)  buried  two  feet  ten  inches  ia 
the  rock,  and  another  (No.  2)  one  inch  under  the  surface  of  the  rock  at  the  tvo 
stations : — 

Depth  in  fathoms  Experiment*  nude. 

fh>m         from  In  air.    In  the  rack. 

■urface.    sea-lereL  Na  I.    Mo.S. 

e  o  o 

26         ...     In  granite  15  fathoms  N.  of  lode,  and  40     1  53.3  57.     52*3 

fathoms  from "  killaa'*        •     .     .     •     j 

200        170    In  the  lode,  rock  do., ''killas,"  and  three    1  77.2  76*     75-5 
fathoms  from  granite  ..•••/ 

200        170    In  do.  10  fathoms  from  do 77*7  76*     75*5 

250        196    In  lode  contained  in  granite,  and  60     I  qo.o  qo.a  00. 

fathoms  from  "  killas"   .      .     .     .     .     J  «  Z  82  5  82 

262        208    In  lode,  do., in  7  fathoms  from  do.,  heing     1  oe. «    qo.  e  oo. 
the  bottom  of  the  mine |  85  5    82  5  82 

Mr.  Fox  estimates  a  rate  of  increase  of  heat  of  one  degree  of  Fahrenheit  in  46  feet 
in  Levant  Mine,  of  one  degree  for  49*6  feet  in  Consols,  and  of  one  degree  for 
48  feet  in  Tresavean  Mine,  if  calculated  from  the  surface. — Report  of  some  Experi- 
ments on  the  Electricity  of  Metallic  Veins  and  the  Temperature  of  Mines. — (Report 
of  British  Association  for  1837,  p.  133 — 137.)  From  the  experiments  made  in  Dol- 
coath  Mine,  when  a  thermometer  four  feet  long  was  buried  in  rock  1380  feet  from  the 
surface,  he  inferred  that  there  was  a  difference  (taking  the  mean  temperature  of  the 
mining  district  of  Camboume  to  be  about  50°)  of  25**  for  that  depth,  or  at  the  nte 
of  about  51  feet  for  1^ 

Professor  Bischoff  observes,  respecting  chthonisothermal  lines,  that  the  general 
inequalities  of  these  lines  would  conform  to  the  irregularities  of  surface,  and  gives  in- 
stances to  show  that  they  rise  in  mountain-masses,  among  others  that  of  Ouanaxuato 
in  Mexico,  where  the  workmen  find  themselves  at  a  depth  of  1607  feet  at  a  tempera- 
ture of  98°' 15,  which  is  about  lb^'75  higher  than  the  temperature  of  the  equator  at 
the  level  of  the  sea,  and  yet  this  point  is  at  a  height  of  4617  feet  above  the  sea.— 
(On  the  Cause  of  the  Temperature  of  Hot  and  Thermal  Springs,  Jameson's  Journal, 
January,  1838,  p.  146.) 
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them,  in  some  cases  rising  high  enough  to  fill  up  fissures  in  the 
first-formed  elvans.  Of  this^  however,  we  have  no  example, 
for  the  granite  lode  described  as  found  in  Herland  Mine,  about 
two  feet  thick  and  dipping  nine  inches  in  a  fathom,*  comes  more 
under  the  head  of  elvan  courses  antecedent  to  lodes  in  that  vici- 
nity, rumiing  parallel,  or  nearly  so,  with  the  neighbouring  elvan 
courses  of  Guinear. 

If  in  any  way  we  consider  the  fissures  open  to,  or  in,  greatly- 
heated  mineral  matter,  the  water  which  would  find  its  way  into 
the  fissure  would  encounter  heat  in  the  lowest  parts  of  the  crack, 
which  would  t^id  to  vaporise  it  and  drive  it  out  again,  the  power 
to  accomplish  which  would  depend  upon  the  quantity  of  water  on 
the  one  hand,  and  the  amount  of  heat  on  the  other.  Assuming 
for  the  sake  of  illustration  that  the  fissure  extended  suflSciently 
deep,  and  that  the  amount  of  water  which  could  find  its  way  into 
it  was  not  so  abundant  at  any  given  time  that  it  could  not  be  va- 
porised readily  by  the  heat  of  the  lower  parts  of  the  fissure,  steam 
mixed  with  any  vapours  or  gases  arising  from  the  bottom  of  the 
fissure  itself,  and  partly  derived  from  matter  carried  down  by  the 
water,  would  be  driven  upwards  through  the  rent,  and  of  course  be 
subjected  to  the  laws  of  condensation  according  to  circumstances. 
AKhough  the  walls  of  the  higher  parts  of  the  fissures  would  be- 
come more  heated  than  they  were  at  the  first  dislocation  of  the 
rocks  from  the  passage  of  heated  vapours  through  them,  still,  as 
a  whole,  the  fissures  would  be  cooler  in  proportion  as  they  ap- 
proached the  surface  in  contact  with  the  atmosphere,  and  con- 
densations of  substances  carried  up  in  a  state  of  vapour  mixed 
with  steam  would  be  affected  accordingly. 

Upon  the  hypothesis  that  the  heat  at  the  bottom  of  fissures  is 
supposed  to  be  sufficient  to  vaporise  water  flowing  into  them, 
waten  slowly  oosing  out  of  the  pores  and  interstices  of  rocks  into 
the  cracks,  heated  at  their  surfaces  by  the  ascent  of  vapours  close 
to  them«  would  have  a  tendency  to  be  vaporised  before  they  could 
trickle  downwards  towards  the  more  heated  parts  of  the  fissures. 
Consequently  mineral  substances  which  they  held  in  solution, 
and  which  could  not  be  carried  in  vapour  with  the  steam  at  the 
same  heat,  would  be  deposited  on  the  sides  of  the  fissures,  on  the 
f^ame  principle  that  we  •  see  carbonate  of  lime  now  deposited  on 
the  »de8  of  fissures  in  many  limestone  countries  from  the  eva- 
*  Bdmonds,  Tranf .  Geol.  Soc.  ComwaU,  Vol.  iii.  p.  332. 
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poration  of  the  water  and  loss  of  carbonic  acid  which  held  the 
carbonate  of  lime  in  solution,  while  the  whole  percolated  through 
the  adjacent  rocks. 

A  state  of  things^  such  as  above  supposed,  could  only  ooDtinue 
while  the  heat  beneath  was  sufficient  to  vaporise  the  water,  so 
that  if  this  heat  became  less  by  degrees,  and  we  assume  the 
quantity  of  water  introduced  into  the  fissure  to  remain  coostast, 
a  time  would  come  when  the  water  would  remain  in  the  ca?ity  in 
a  heated  state,  the  evaporation  being  wholly  carried  on  upon  the 
surface  of  the  crack,  assuming  that  it  opened  out  into  the  atmo- 
sphere. We  have  now  a  condition  of  the  fissure  and  its  contents 
highly  favourable  to  depositions  from  solutions  depending  on  tem- 
perature. As  Mr.  Robert  Fox  has  observed  respecting  a  fissure 
under  this  last  condition,  the  difference  of  temperature  in  the 
higher  and  lower  parts  of  the  crack  would  cause  ascending  aod 
descending  currents  of  water,  and  substances  which  are  soluble 
at  high  temperatures,  and  insoluble  when  such  temperatures  are 
reduced,  would  be  deposited  as  the  water  ascended,  and  became 
gradually  cooler.* 

If  the  fissures  were  opened  beneath  great  bodies  of  wato",  such 
as  the  sea,  or  were  so  situated  that  sufficient  water  could  rush 
into  them,  filling  them  up,  at  least  in  their  higher  parts,  the 
early  condition  of  the  crack  would  be  different  from  that  above 
alluded  to.      Let  us  suppose  that  a  in  the   annexed  section 

Pig.  70.  / 


d  f  d 

d  e     " 

(fig.  70),  represents  the  sea-level,  b  slates,  rising  firom  a  consi- 
derable distance  beneath  that  level  to  the  dry  land  /  above  it, 
that  c  c  is  consolidated  granite  beneath  the  slates,  becoming  gra- 
dually hotter  until  at  d  c(  d  it  was  in  a  state  of  incandescence 
from  heat,  and  that  g  is  an  elvan  course.  If  we  now  suppose 
that  two  cracks  e  and  f  are  formed  between  the  incandescent 
granite  and  the  highest  part  of  the  solid  crust  above  it,  the  two 
*  Fouith  Rttport  of  the  Royal  Cornwall  Polytechnic  Society,  p.  108. 
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fiisares  would  be  under  different  conditions.  In  the  fissure  /the 
heat  in  the  lower  part  might  at  first  be  able  to  drive  out  the 
water  that  could  percolate  into  it,  as  above  noticed.  In  the 
fissure  e^  however,  the  moment  it  was  opened  the  water  of  the 
sea  above  it  would  rush  into  it,  and  would  fill  it  as  &r  as  the 
pressure  of  the  column  of  water  above  and  the  heat  of  the  fissure 
below  would  permit 

Under  such  conditions  as  that  last  noticed,  the  effects  would  be 
somewhat  as  follows : — 

^•«-^*-  ,  Let  a  6  (fig.  71)  be  the  sea- 
level,  a  c  and  6  d,  depths  of  water 
between  the  solid  bottom  and  such 
level ;  e  e,  slates,  resting  on  gra- 
mteff,  becoming  gradually  hotter 
in  depth,  so  that  at  ^  ^  it  was  at 
least  incandescent,  and  v  a  frac- 
ture or  fissure  opened  through  all 
the  rocks,  then,  upon  the  rush  of 
water  into  the  fissure,  steam  would 
be  generated  at  g  g,  and  may  be 
supposed  to  exist  to  any  given 
height,  such  as  ^  ^  in  the  fissure, 
its  state  of  condensation  being  de- 
pendent on  the  height  of  the  co- 
lumn of  water  above  it  We  might 
thus  have  steam  formed  under  great 
pressure  in  the  lower  part,  and 
water  of  varying  temperature  up- 
wards, through  which  the  steam 
would  strive  to  pass  in  the  usual 
^            manner. 

Under  such  conditions  rapid  currents  of  ascending  hot  water 
and  descending  cold  water  would  be  produced,  the  steam  formed 
would  tend  to  rush  upwards  and  be  converted  into  water  when  it 
anired  at  temperatures  less  than  the  boiling-points  of  water 
under  any  given  pressure.  Any  vapours  also  which  might  be 
driven  off  from  the  incandescent  mass  into  which  we  have  sup- 
pottd  the  fissure  to  open  would  be  forced  upwards  with  the 
steam,  and  numerous  chemical  combinations  might  be  effected 
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with  Uieir  aid  when  they  became  intermingled  with  the  waters 
above.  The  fissure  would  tend  to  be  cooled  by  the  entrance  of  the 
cold  water  from  above^  but  it  will  be  readily  seen  that  under  the 
conditions  the  rate  of  cooling  would  be  so  slow  that  long  periods 
of  time  would  elapse  before  any  material  change  would  be  effected 
in  the  temperature  of  the  fissure,  supposing  even  that  the  che- 
mical effects  which  would  be  produced  did  not  materially  in- 
fluence any  change  of  temperature  that  might  arise. 

When  we  see  fissures,  now  forming  lodes  or  faults,  we  are  too 
apt  to  assume  that  they  have  been  produced  so  as  to  be  open 
only  to  the  atmosphere,  while  the  probabilities  are  that  a  great 
proportion  of  them  at  least  were  formed  either  beneath  the  sea, 
or  in  such  situations  that,  when  open,  the  sea  freely  communi- 
cated with  them.  In  such  cases  sea-water  would  be  the  heated 
water  in  the  fissures,  and  effects  would  be  produced  different 
from  those  caused  by  the  mere  introduction  of  fresh  water,  even 
supposing  the  latter  to  rush  into  the  fractures  in  sufficient  quantities 
to  prevent  its  immediate  conversion  into  steam.  Many  of  the  con- 
tinuations of  Cornish  lodes  now  run  under  the  level  of  the  sea, 
and  are  even  occasionally  worked  under  this  level,  and  it  would 
necessarily  follow  that,  if  such  lodes  were  now  open  cracks,  they 
would  be  filled  up  to  a  certain  height  with  sea-water.  We  have 
abundant  evidence  whence  to  infer  that,  since  the  consolidation  of 
the  granite  and  elvans,  and  indeed  of  much  more  recent  rocks, 
the  area  under  consideration  was  beneath  the  level  of  the  sea, 
subject  to  oscillations  that  caused  elevations  and  depressions,  some 
of  which  may  have  been  accompanied  by  dislocations  of  the  rocks. 
There  is  therefore  nothing  unreasonable  in  supposing  that  a  lai^ 
proportion  of  the  Cornish  and  Devon  fissures,  now  whoUy  or  in 
part  filled  up,  were  opened  either  beneath  the  sea  or  in  such 
situations  that  portions  of  them  were  so  placed  that  it  entered 
freely  into  them.  Upon  this  hypothesis,  and  supposing  the  lower 
part  of  the  fissures  to  be  greatly  heated,  we  should  expect,  among- 
other  results,  that  there  would  be  a  disposition  to  form  a  concen- 
trated solution  of  marine  salts  under  some  conditions,  such  for  in« 
stance  as  in  those  situations  where  fissures  communicated  laterally 
with  sea-water,  some  portions  of  the  crack  being  exposed  to  the 
atmosphere. 

Mr.  Robert  Fox  found  by  experiment  ''that  pieces  of  compact 
granite  and  killas  (slate)  taken  out  of  a  mine>  and  without  any 
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apparent  flaws  in  them,  after  having  been  placed  in  boiling 
water,  in  which  a  small  quantity  of  some  salt  was  dissolved,  were 
rendered  conductors  of  voltaic  electricity,  although  they  possessed 
this  property  in  a  feeble  degree  in  comparison  with  the  liquid 
solution  itself.**  He  observes  that  ''  it  is  evident  from  this  ex- 
periment, and  from  others  made  in  mines  in  which  parallel  lodes 
acted  on  each  other  through  very  large  masses  of  rock,  that  rocks 
become  conductors  of  electricity,  especiaUy  at  great  depths,  where 
the  great  pressure  of  the  column  of  water,  and  the  high  tempera- 
ture, combine  to  introduce  moisture  into  them.  If  then,'*  Mr. 
Pox  says,  '^  the  rocks  are  thus  rendered  even  feeble  conductors  of 
electricity,  and  contain  different  salts,  they  are  necessarily  exciters 
of  it  also;  that  is,  if  contiguous  they  become  in  opposite  electrical 
states.*'* 

Becquerel  seems  to  have  been  the  first  to  show  that  by  slow 
secondary  electrical  action,  caused  by  feeble  currents,  a  variety  of 
substances  are  produced  which  are  not  formed  by  common  che- 
mistry, disunited  elements  being  presented  to  each  other  in  a 
nascent  state  highly  favourable  to  the  production  of  such  sub- 
stances. He  remarks  that  *^  for  a  long  time  it  could  not  be  con- 
ceived how,  with  apparently  feeble  electrical  forces,  strong  affini- 
ties could  be  overcome,  in  order  to  decompose  bodies  and  produce 
new  combinations ;  it  being  considered  that  the  action  of  currents 
more  or  less  energetic  should  always  be  employed.  As  soon, 
however,  as  the  electrical  effects  which  take  place  in  chemical 
actions  bad  been  analysed,  it  became  clear  that  the  same  end 
might  be  obtained  by  skilfully  employing  these  effects.  It  can 
readily  be  understood  that,  when  any  voltaic  couple  be  plunged 
into  a  solution  which  reacts  on  one  of  the  elements  of  this  couple, 
the  particles  of  this  solution,  the  moment  they  are  brought  into 
play  by  the  operation  of  chemical  action,  are  then,  since  they  are 
in  a  nascent  state,  in  the  most  proper  condition  to  obey  the  action 
of  the  electric  current  produced  by  the  couple.*' f 

M.  Becquerel  has,  as  is  well  known,  obtained  a  variety  of  crys- 
talixed  substances,  such  as  the  oxides  of  copper  and  zinc>  the 

*  Fomth  Annual-  Report  of  the  Royal  Polytechnic  Society  of  Gorowall,  p.  109, 

no. 

'    t  Becquerel,  Traits  Experimental  de  TElectricite  et  du  Magn^igme,  torn.  ill.  p. 
295.  Pszis,  1S35. 
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sulphurets  of  sflver,  copper,  tin,  lead,  iron,  &c.,  by  means  of  these 
secondary  actions.  Those  experiments  in  which  he  employed  a 
tube  bent  like  an  U,  with  moistened  clay  at  the  bottom  of  it,  sepa- 
rating solutions,  to  be  acted  upon  in  the  two  branches,  into  which 
wires  were  introduced  to  form  the  voltaic  circuit,  and  those  in 
which  he  placed  substances  in  a  tube  afterwards  hermetically 
sealed,  so  that  they  formed  voltaic  circuits  in  the  tube  itself,  are 
extremely  interesting  with  respect  to  their  applications  to  the  fill- 
ing of  mineral  veins.  Substances  commonly  termed  insoluble 
are  stated  to  crystallize,  because,  the  electrical  action  being  very 
slow,  and  consequently  the  chemical  action  being  slow  also,  the 
molecules  have  time  to  arrange  themselves  according  to  the  lavs 
of  crystallization,  an  advantage  which  does  not  obtain  when  the 
chemical  forces  have  a  certain  intensity.* 

The  action  of  bodies  upon  each  other,  so  that,  after  the  produc- 
tion and  even  crystallization  of  some  substances  by  the  conti- 
nuance of  feeble  electrical  influences,  these  substances  are  again 
decomposed  by  the  new  action  then  produced  among  them, 
is  well  shown  by  M.  Becquerel's  experiments,  and  seems  well  to 
explain  some  of  those  changes  which  have  apparently  taken  place 
in  mineral  veins.  He  observes,  after  describing  some  substances 
obtained  by  these  experiments,  "that  all  the  chemical  actions 
which  gave  rise  to  these  compositions,  could  only  have  arisen 
from  certain  electrical  influences  possessing  little  energy ;  for,  if 
we  operate  with  apparatus  the  action  of  which  is  too  strong,  all 
the  elements  are  isolated,  and  no  combination  is  possible.'*!  He 
concludes,  from  the  facts  he  is  enabled  to  adduce,  "  that,  to  obtain 
an  insoluble  crystallized  substance  by  electro-chemical  reactions,  it 
is  sufficient  to  make  it  combine  with  another  which  is  soluble, 
and  afterwards  operate  by  means  of  very  slow  decomposition.^ 

*  Becquerel,  Tiait6  de  l'Eleetricit6,  torn.  iii.  p.  298.  This  author  ohserres,  n- 
specting  the  tnincation  of  crystals  of  the  doable  chlorides  obtained  in  some  of  hit 
experiments,  that  in  the  beginning  the  crystals  are  perfectly  formed ;  '*  but  that,  wheo 
the  apparatus  has  been  in  action  for  a  long  time,  truncationB  of  the  angles  are 
gradually  produced ;  whence  it  seems  to  follow  that,  when  the  particles  of  the  crys- 
tallising substance  are  less  abundant,  the  force  which  determines  the  reg^ular  group- 
ing of  the  particles  has  no  longer  sufficient  energy  to  complete  the  crystal.'  He 
adds  that  he  has  often  had  occasion  to  make  the  same  remark  in  the  cr^stallitation 
of  products  formed  by  the  aid  of  electric  forces  derived  from  a  single  couple.  A* 
tom.  iii.  p.  312. 

f  lb.  torn.  iii.  p.  309. 

X  lb,  tom.  iii.  p.  317. 
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M.  Becquerel  also  adds  that  the  same  end  may  be  attained, 
but  with  far  more  difficulty,  by  ordinary  chemical  means,  and 
cites  the  following  very  interesting  experiment  in  illustration  of 
this  point. 

''  Some  clay,  well  divided  and  moistened  with  a  solution  of 
arseniate  of  potash,  having  been  placed  in  a  glags  tube,  a  solution 
of  nitrate  of  copper  was  poured  upon  it.  The  reaction  of  the  two 
solutions  took  place  rapidly  at  first,  at  the  surface  of  contact  of 
the  clay  and  the  solution  of  the  nitrate  of  copper ;  but,  the  latter 
having  penetrated  by  degrees  into  the  mass  of  clay,  a  very  slow 
reaction  took  place  between  the  arseniate  and  the  nitrate,  a  cir- 
cumstance favourable  to  the  crystallization  of  the  arseniate  of 
copper.  At  the  end  of  some  time  crystals  resembling  the  arseniate 
of  copper  of  nature  were  observed  in  some  of  the  open  parts  of 
the  clay."* 

Mr.  Robert  Fox  appears  for  some  time  to  have  been  impressed 
with  the  belief  that  electric  action  might  not  only  *'  contribute  to 
produce  the  extraordmary  aggregation  and  position  of  homoge- 
neous minerals  in  veins,"!  but  also  that  this  action  is  still  kept  up 
in  them ;  and  accordingly  he  commenced  a  series  of  experiments 
on  the  electro-magnetic  properties  of  mineral  veins  of  Cornwall, 
which  were  published  in  1830.J  In  1837  he  published  Obser- 
vations on  Mineral  Veins,  §  which  relate  chiefly  to  those  in  Corn- 
wall, and  in  which  he  treated  the  subject  of  the  connexion  of 
electricity  with  lodes  more  at  length,  and  detailed  some  experi- 
ments he  had  been  led  to  make  to  illustrate  such  connexion. 
Mr.  Fox  observes,  on  the  subject  of  the  present  condition  of  mine- 
waters,  that  he  finds,  "  by  an  examination  of  water  taken  from 
different  mines,  and  from  various  parts  of  the  same  mine,  that 
different  varieties  of  sahne  solutions  now  exist  in  neighbouring 
strata."     **  In  many  instances,"  he  proceeds,  ''the  proportion  of 

*  Becqnei^  Traits  de  rElectricit6  (1835),  torn.  iii.  p.  318.  In  the  Compter 
Eeodnei  hebdomadaiies  des  Stances  de  I'Acad^mie  dee  Sdencee,  12  Juin,  1837, 
IC  Cagniard-Latour  announces  that,  by  means  of  various  experiments  founded  on 
slow  actions  (apparently  chemical),  he  has  been  enabled  to  form  several  substances 
similar  to  those  found  in  nature.  Those  noticed  wiere  calcareous  and  siliceous,  one 
among  them,  a  crystallised  substance,  having  the  form  and  principal  properties  of 
fielspar  with  a  base  of  lime. 

t  Annals  of  Philosophy,  1822,  vol.  iv.  p.  447. 

X  Philosophical  T^ansactious,  1830. 

I  Report  of  the  Boyal  Polytechnic  Society  of  CornwaU,  for  1836,  Falmouth,  1837« 
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foreign  matter  in  the  water  was  very  small^  whilst  in  others  it 
was  very  considerable ;  but  I  have  not  yet  tried  any  mine-water, 
that  would  not  produce  very  decided  electrical  action,  when  the 
native  sulphuret  and  bisulphuret  of  copper  were  plunged  into  it, 
and  the  voltaic  circuit  was  completed.  The  very  superior  con- 
ducting power  of  the  saline  water  in  the  fissures,  in  relation  to 
the  merely  moistened  rocks,  would  always  tend  to  supeifsede  the 
transfer  of  electricity,  more  or  less,  through  the  latter.  The  con- 
tact of  large  surfaces  of  rock,  clay,  &c.,  with  water,  differing  in 
its  saline  contents  from  them,  must  also  have  been  an  efficient 
source  of  electrical  excitement;  and  it  should  not  be  forgotten, 
that  the  circulation  of  the  water  would  be  liable  to  very  frequent 
changes  of  velocity,  in  consequence  of  obstructions  in  the  fissures, 
or  their  occasional  enlargement,  so  that  the  contents,  as  well  as 
the  temperature  of  the  water,  would  be  subject  to  many  modifi- 
cations."* 

Among  the  experiments  made  by  Mr.  Fox,  the  following  may 
be  selected  as  particularly  illustrative  of  phenomena  observable 
in  lodes,  more  particularly  their  upper  parts.  In  two  cells,  sepa- 
rated from  each  other  by  clay,  the  common  yellow,  or  bisul- 
phuret of  copper  being  placed  in  one  in  a  solution  of  sulphate  of 
copper,  and  sulphuret  of  copper  (grey  ore  of  Cornish  mines)  in 
water  or  acidulated  water  in  the  other,  the  voltaic  circuit  between 
the  ores  being  completed  by  copper  wire,  after  some  weeks  the 
bisulphuret  became  covered  by  a  thin  coating  resembling  the 
sulphuret.  ''When  zinc  or  iron  was  substituted  for  the  sul- 
phuret of  copper  in  the  water-cell,  the  bisulphuret  of  copper 
became  coated  with  a  considerable  crust  of  the  sulphuret,  or 
rather  it  was  changed  into  the  latter  to  a  greater  or  less  depth, 
according  to  the  duration  of  the  experiment,  in  consequence  of 
the  abstraction  of  a  portion  of  the  sulphur,  and  probably  abo  c^ 
some  of  the  iron  which  it  contained;  and  beautiful  crystals  of 
pure  copper  were  abundantly  deposited  upon  it,  and  likewise,  in 
some  instances,  red  oxide  of  copper."t 

"  When  a  solution  of  sulphate  of  iron  was  substituted  for  the 
sulphate  of  copper  in  the  cell  containing  the  copper-ore,  the  latter 
appeared  at  first  to  have  on  its  surface  a  deposition  of  iron,  and 
this,  becoming  oxidated,  in  time  formed  an  incrustation  which 

•  Report  of  the  Cornwall  Polytechnic  Society,  for  1S36,  Falmouth,  1S37,  p.  1 10. 
t  /&.p.U5. 


Digitized  by  VjOOQIC 


AND  COMMON  FAULTS.  383 

resembled  gossan.  When  the  water  in  the  other  cell  was  acidu- 
lated by  sulphuric  acid^  and  a  plate  of  zinc  or  iron  put  into  it, 
having  a  metallic  connexion  with  the  electro-negative  copper  or 
iron  ore  in  the  solution  of  sulphate  of  iron,  (or  sulphate  of  zinc, 
as  the  case  might  be,)  sulphureted  hydrogen  was  evolved  from 
the  latter,  and  sometimes  in  considerable  abundance."* 

"  When  chloride  of  tin  in  solution  is  placed  in  the  voltaic  cir- 
cuit, part  of  the  tin  is  deposited  in  a  metallic  state  at  the  negative 
pole,  and  part  at  the  positive  one,  in  the  state  of  peroxide,  such 
as  it  occurs  in  our  mines."f 

The  first  experiment  above  noticed  is  considered  by  Mr.  Fox 
to  bear  on  the  fact  that  neither  native  nor  red  oxide  of  copper 
occur  in  the  Cornish  mines  in  conjunction  with  the  bisulphuret 
of  copper  (common  yellow  ore),  while  they  frequently  do  so  in 
connexion  with  the  sulphuret  or  grey  and  black  ores.  From 
the  second  he  infers  that  many  sulphurets  of  metals  might  have 
been  thrown  down  by  sulphureted  hydrogen,  generated  by  the 
action  of  electricity  on  yellow  copper-ore,  the  effects  being  modi- 
fied by  local  circumstances ;  while  the  third  experiment  he  thinks 
''may  serve  to  explain  why  tin  is  found  contiguous  to,  and  inter- 
mixed with,  copper-ore,  and  likewise  separated  from  it  in  other 
parts  of  the  same  lodes,  or  in  lodes  situated  near,  or  perhaps 
crossed  by,  the  copper-lodes." 

Adopting  M.  Ampere's  inference,  that  the  direction  of  the 
terrestrial  magnetic  meridian  is  due  to  the  circulation  of  currents 
of  electricity  from  east  to  west  round  the  globe,}   Mr.  Fox  con- 

*  Report  of  the  Ck>mwaU  Polytechnic  Society,  for  1836,  Falmouth,  1837,  p.  1 15. 

t  A.  p.  116. 

}  Becqnerel  considers  that  to  a  certain  depth  in  the  earth  a  moltitnde  of  electric 
cmientB  exist,  with  very  differeot  directions,  the  general  result  of  which  would  pro- 
duce an  action  on  the  magnetic  needle.  He  considers  these  currents  would  he 
caused  by  the  permanent  communication  kept  up  by  means  of  numerous  fissures 
tlvougfa  which  the  sea-waters  percolate  either  to  the  metals  of  the  earths  and  alkalis 
01  te  aaetnllic  chlorides,  causing  the  metals  to  take  negative  electricity,  and  the 
steam  and  other  vapours  positive  electricity.  One  part  of  the  latter  electricity,  he 
infers,  would  be  carried  into  the  atmosphere  by  volcanic  eruptions,  and  the  other 
would  tend  to  combine  with  the  negative  electricity  of  the  bases,  by  pasring  through 
sU  the  condnctiDg  bodies  which  established  the  communication  between  ^mt  metsJs 
or  their  chietides  and  the  soHd,  liquid,  or  gaseous  substances  which  filled  the  fissures. 
Hence,  he  observes,  a  number  of  partial  electrical  currents  would  circulate  in  the 
interior  of  the  globe,  producing  electro-chemical  reactions,  of  which  we  cannot 
appieciate  the  whole  extent,  but  which  certainly  would  give  rise  to  numerous  com* 
pounds.     Traits  de  rElectricit^  et  du  Magnetisme,  torn.  v.  pp.  163,  164. 


Digitized  by  VjOOQiC 


384  FORMATION  OF  MINERAL  VEINS 

aiders  that^  ''if  fissures  happened  to  have  opposite  horizontal 
bearings,  and  were  equally  filled  with  water  charged  with  saline 
matter,  the  electric  currents  would  be  determined  in  preference 
through  such  of  them  as  nearly  approximated  to  the  magnetic 
east  and  west  points  at  the  time."*    The  consequence  of  such 
conditions  would  be,  this  author  conceives,  the  decomposition  of 
the  saline  substances,  and  the  determination  of  the  metals  or  base 
to  the  electro-negative  rock,  and  the  acids  to  the  electro-positive 
rock.     "  However  slow,"  he  observes,  "  this  process  might,  at 
first,  have  been,  the  deposition  of  the  metals  would  cause  it  to 
become  more  and  more  energetic.     The  metals  and  metalliferous 
deposits  would,  likewise,  react  on  each  other,  and  give  rise  to  new 
combinations  and  arrangements,  till  they  arrived  at  a  state  of 
comparative  equilibrium.     This  may  be  said  to  be  very  much 
the  case  with  the  lodes  at  present,  as  most  of  the  ores  which  are 
capable  of  conducting  electricity  very  nearly  approximate  to  each 
other  in  the  electrical  scale,  being  more  electro-negative  than 
silver,  and  many  of  them  as  much  so  as  platina ;  indeed,  the  grey 
oxide  of  manganese  and  the  lodestone  are  electro-native  in  a 
still  higher  degree.     Arsenical  pyrites,  iron  pyrites,  and  copper 
pyrites  hold  rather  a  high  place  in  the  scale,  and  are  electro- 
negative with  respect  to  purple  copper  and  galena,  but  especially 
to  the  sulphuret  or  vitreous  copper-ore,  which  will  produce  a  very 
decided  action  on  the  galvanometer,  when  connected  in  the  voltaic 
circuit  with  copper  or  iron  pyrites,  &c."t 

Respecting  the  well-known  fact  above  noticed  (p.  335),  that,  in  a 
lode  traversing  various  kinds  of  rocks  or  modifications  of  rocks, 
some  seem  to  have  had  the  power  to  influence  the  deposits  ad- 
jacent to  them  in  preference  to  others,  Mr.  Fox  observes  that 
such  facts  **  seem  to  bear  a  remarkable  analogy  to  some  of  the 
results  of  voltaic  action.  It  is  well  known,*'  he  continues,  "  that 
by  its  means  the  chemical  afiinities  of  bodies  may  be  superseded, 
and  even  inverted  ;  so  that  it  may,  and  it  does  seem  to  have  hap- 
pened, that  metallic  and  earthy  substances  were  determined  to- 
wards certain  rocks,  and  deposited  on  them,  according  to  the 
electric  states  of  the  latter.  These  states  may  have  depended, 
either  on  tlie  saline  or  metallic  matter  which  the  rocks  contained, 
or  on  their  positions  and  combinations   with  respect  to  other 

*  Report  of  the  Polytechnic  Society  of  Cornwall,  for  1836,  p.  112. 
f  /6.p.  113. 


Digitized  by  VjOOQIC 


AND  COMMON  FAULTS.  385 

rocks,  modified,  more  or  less,  by  their  relative  temperatures  at 
the  time,  as  well  as  by  the  prevalent  direction  of  the  electric  cur- 
rents in  their  vicinity,  and  by  numerous  other  accidental  circum- 
stances."* 

The  marked  effect  produced  in  the  Cornish  tin  and  copper 
lodes  by  the  proximity  of  granite  or  elvans,  must  be  due  to  some 
cause  acting  on  the  great  scale.  The  influence  on  the  metallifer- 
ous contents  of  the  fissures  which  traverse  the  country,  when  such 
fissures  cut  through  the  junctions  of  the  slates  and  granites,  or 
where  elvans  are  mingled  with  the  former,  has  been  long  known 
and  practically  acted  upon  in  Cornwall. 

The  frequent  presence  of  igneous  rocks  in  metalliferous  districts 
is  a  well-known  fact,  and  abundant  evidence  on  this  head  has 
been  accumulated  by  Professor  Necker,  who  has  thence  deduced 
inferences  in  favour  of  filling  metalliferous  veins  by  means  of  sub- 
limation.f  Among  the  rocks  which  are  considered  to  have  exer- 
cised considerable  influence  on  the  contents  of  lodes,  granite  and 
porphyry  (the  latter  very  frequently  resembling  the  Cornish 
elvans,)  hold  distinguished  places.  M.  Fournet  has  compared 
specimens  of  the  porphyry,  often  termed  metalliferous  porphyry, 
with  each  other,  and  finds  the  most  striking  resemblance  between 
them  in  different  mining  districts.  He  enumerates  the  porphyry 
observed  by  M.  Boussingault  in  America,  that  which  occurs  in 
Britanny,  especially  near  Poullaouen,  the  porphyry  which  occurs 
in  the  metalliferous  parts  of  the  Vosges,  such  as  at  Sainte- 
Marie-aux- mines,  Giroraagny,  the  Valines  de  St.  Amarin,  Masse- 
Taux  and  la  Brusche ;  the  porphyry  of  part  of  Saxony,  that  of 
Joachimsthal  in  Bohemia ;  and  lastly,  the  elvans  of  Cornwall.| 

If  the  occurrence  of  this  particular  kind  of  rock  in  mining 
countries  is  remarkable,  it  is  not  less  so  that  the  effects  produced 
by  it,  where  metalliferous  veins  either  pass  through  or  close  to  it, 
should  also  bear  considerable  general  resemblance  to  each  other, 
as  far  at  least  as  regards  the  accumulation  of  ores  in  such  situa- 
tions. It  may  be  useful  to  select  from  the  various  examples 
which  might  be  adduced,  the  following  sketch  of  some  of  the 
fiacts  observable  in  the  silver  and  cobalt  mines  of  Joachimsthal  in 

•  Report  of  the  Polytechnic  Society  of  Cornwall,  for  1836,  p.  114. 
t  Proceedings  of  the  Geological  Society  of  London,  28th  March,  1832,  vol.  i.  p. 
392,  and  Jameson's  Edinburgh  New  Philosophical  Journal,  1833. 
I  Ktuilrs,  &C.  TraitI  de  G^nosie,  torn.  iii.  p.  469. 
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the  Erzgebirge,  taken  from  an  account  by  M.  Mayer: — Por- 
phyry dykes,  which  seem  closely  to  agree  in  their  general  cha- 
racters with  Cornish  elvans,  occur  in  a  mica  slate  system  (that 
passes  into  clay  slate)  near  the  contact  with  granite  adjoining  this 
schistose  system.  The  porphyry  has  the  appearance  of  being  in 
beds  among  the  slates ;  it  is,  nevertheless,  seen  to  occur  in  true 
dykes  as  they  sometimes  cut  through  the  slale  beds  both  in  their 
dip  and  strike.  The  porphyry  dykes  have  apparently  exercised 
an  influence  not  only  on  the  metalliferous^  but  also  on  the  non- 
metalliferous  parts  of  the  lodes.  This  is  instanced  more  particu- 
larly in  the  case  of  the  lode  named  the  Rothe-Gang,  consisting  of 
clay  where  the  lode  is  in  mica-slate,  and  of  red  cavernous-quartz 
when  it  either  passes  through  the  porphyry  or  by  its  side.  The 
porphjrry  and  the  lode  have  both  a  northern  direction.  "  In  the 
places  where  the  Rothe-Gang  quits  the  porphyry  for  some  dis- 
tance, as  happens  more  particularly  in  its  course  towards  the 
north,  it  contains  no  other  ore  than  that  of  uranium,  whilst  in  the 
vicinity  of,  or  in  immediate  contact  with  the  porphyry,  it  contains 
remarkable  quantities  of  native  silver,  sulphuret  of  silver,  brittle 
sulphuret  of  silver,  arsenical  cobalt,  arsenical  nickel,  bismuth, 
uranium,  pitch  ore,  some  native  arsenic,  iron  pyrites,  and  sul- 
phuret of  lead ;  in  a  word,  all  the  ores  which  occur  at  Joachim- 
sthal,  with  the  single  exception  of  red  silver,  which  may  be  con- 
sidered as  the  most  common  ore  in  the  country.'*  * 

By  careMly  comparing  the  metalliferous  localities  with  each 
other,  where  granite  and  the  porphyry,  or  elvan  occur  together, 
we  soon  see  reason  to  believe  that  there  is  much  in  the  structure 
of  these  rocks  which  may  have  influenced  the  results  observed. 
In  Cornwall  and  Devon  the  miner  prefers  a  plumb  granite  or 
elvan ;  in  other  words,  granites  or  elvans  which  aro  in  a  greater  or 
less  state  of  decomposition,  and  are  consequently  porous.  The 
china-clay  districts  of  St  Austell  are  the  most  marked  examples 
of  decomposed  granite,  and  the  plumb  elvans  occur  in  so  many 
places,  and  are  so  spread,  that  they  cannot  be  said  to  be  confined 
to  any  particular  district.  In  some  cases  the  elvans  are  suffi- 
ciently soft  to  be  worked  for  crucible  clay,  and  in  others  the 
felspathic  matter  has  been  so  removed  as  to  give  the  elvan  the 
appearance  of  a  coarse  sandy  rock. 

*  Mayer,  as  cited  by  Fouraet,  Etudes,  ftc.  Traits  de  G^gootie,  ton.  iii.  p.  501. 
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These  decomposable  granites  and  elvans  seem  to  contain,  or  ra- 
ther to  have  been  once  partly  formed  of^  potash  felspars.  The  ex- 
tent to  which  some  granites  are  decomposed  in  the  depths  has  often 
been  observed^  and  the  fact  that  hard  granite  is  often  intermingled 
with  the  soft  is  also  well  known.  Indeed,  decomposed  granite 
seems  to  have  been  found  at  all  depths  in  the  mines  of  Cornwall. 
TTie  experiments  of  Professor  Forchhammer,  of  Copenhagen, 
show  U8^  though  potash  felspar  may  be  exposed  to  the  action  of 
boiling  water  under  the  ordinary  pressure  of  an  atmosphere,  with- 
out obtaining  alkali  from  it,  that  when  that  pressure  is  considerably 
increased,  and  consequently  also  the  temperature  augmented, 
potash  is  obtained  from  it  in  solution^  or  in  other  words,  the  fel- 
spar is  decomposed.  Taking  felspar  to  be  represented  by  the 
formula  3A/S'  +  KS'  he  would  consider  that,  the  tersilicate  of 
potash  being  dissolved,  the  other  constituent  parts  remained,  and 
with  water  constituted  Kaolin  or  china-clay.  If,  therefore,  we 
assume  a  fissure  to  be  formed  and  filled  with  water  in  granite,  in 
which  potash  felspar  enters  in  fair  proportion  as  a  constituent  mi- 
neral^  and  that  the  heat  increases  downwards  in  the  fracture,  we 
have  conditions  highly  favourable  for  the  decomposition  of  the 
felspar  of  the  granite  forming  the  walls  of  the  fissure,  and  con- 
sequeotly  for  the  production  of  a  soluble  silicate  of  potash,  which 
would  form  one  of  the  substances  in  solution  in  it.  When  we 
eoBBider  this  power  of  water  highly  heated  under  pressure  to  de- 
compose felspar,  so  that  a  considerable  quantity  of  silica,  mixed 
with  potash,  can  be  transported  in  solution  wherever  such  water 
may  move,  there  is  no  difficulty  in  perceiving  that  silicious  de- 
posits may  be  effected  in  abundance  in  chinks  and  fissures,  inde- 
pendently of  the  production  of  compounds  into  which  silica  and 
potash  may  both  or  singly  enter. 

Numerous  elvans  would  be  acted  upon  precisely  in  the  same 
way  as  the  granite  above  noticed,  and  not  only  elvans^  but  those 
detrital  rocks  also  in  which  comminuted  felspar  formed  a  com- 
ponent part.* 

If  we  suppose  sea  water  to  enter  fissures  formed  in  the  earth*s 
crust  sufficiently  deep  to  have  their  walls  greatly  heated,  we 
should  not  only  have  effects  caused  by  the  application  of  greatly 

*  Dr.  Forchhammer  hai  informed  us,  that  he  could  not  perceive  any  appreciable 
cftcto  produced  on  mica,  by  subjecting  it  to  the  same  conditions  as  those  to  which 
he  e&poaed  febpar. 
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heated  water  under  pressure,  which  may  possess  the  power  of 
acting  upon  mineral  substances  far  beyond  that  which  may  be 
now  supposed,  but  also  numerous  important  effects  produced  by 
the  saline  contents  of  the  sea  itself  under  such  conditions. 

Taking  the  present  salts  in  solution  in  the  sea  as  guides,  the 
sea  water  introduced  into  a  fissure  would  contain  about  2'5  per 
cent,  of  chloride  of  sodium,  -4  per  cent,  of  sulphate  of  soda,  a  va- 
riable quantity  of  chloride  of  magnesium,  and  a  small  proportion 
of  chloride  of  calcium.  Not  only  would  the  water  be  acted  upon 
by  the  great  heat  at  the  bottom  of  fissures,  such  as  we  suppose 
may  have  been  formed  in  Cornwall  and  Devon,  but  these  sub- 
stances would  also  be  placed  under  its  influence,  and  we  should 
have  a  variety  of  products  and  combinations  which  it  would  be 
difficult  to  foresee,  inasmuch  as  the  rocks  traversed  would  be  va- 
riable, and  the  substances  laid  open  on  the  walls  of  the  fractures 
be  differently  acted  upon,  independently  of  any  vapourised  matter 
which  might,  from  exposure,  proceed  from  them,  or  be  driven 
upwards  Ifrom  beneath. 

By  this  hypothesis  we  might  obtain  a  variety  of  substances  in 
solution  in  a  fissure  traversing  rocks  of  variable  mineral  composi- 
tion, the  solutions  under  different  conditions  of  pressure  and  heat 
according  to  their  relative  situations  in  the  fracture.  We  can  rea- 
dily conceive  that  this  would  be  a  state  of  things  in  which  granites, 
elvans,  trappean  rocks,  slates,  and  sandstones,  would  be  very 
differently  acted  upon  according  to  circumstances,  and  that  fre- 
quently two  somewhat  dissimilar  rocks  and  the  solutions  might 
be  so  placed,  that  one  might  constitute  a  negative  substance 
and  the  other  a  positive  substance  with  respect  to  them,  and  that 
there  would  be  a  tendency  to  deposit  certain  bodies  in  solution 
near  the  junctions,  viewing  the  subject  generally,  and  under 
modifying  conditions.  Hence  near  the  junctions  of  granites  and 
slates,  or  of  elvans  and  slates,  deposits  of  particular  kinds  might 
be  effected,  which  rarely  took  place  elsewhere,  and  upon  the 
same  principle  some  slates  and  associated  beds  imder  similar  con- 
ditions would  be  more  fevourable  to  the  deposit  of  particular  sub- 
stances tlian  others. 

Independently  of  the  substances  directly  introduced  into  the 
fractures  by  the  sea  water,  and  of  the  effects  both  the  water  and 
such  substances  carried  down  may  produce  on  bodies  brought 
into  contact  with  it  and  them  by  the  opening  of  the  fissures,  we 
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should  have  to  consider  that  the  percolation  of  water  existing 
among  the  interstices  of  the  rocks  would  also  find  its  way  into  the 
cracks^  so  that  there  would  be  considerable  variation  of  the  com- 
pounds in  solution  in  the  fractures,  placed  under  conditions  very 
favourable  to  secondary  actions  and  the  production  of  insoluble 
compounds  on  the  walls  of  the  dislocations,  more  particularly  in 
the  higher  and  cooler  parts. 

Many  fissures  would  in  the  end  become  mere  channels  for 
waters,  which,  according  to  circumstances,  might  either  be  thermal 
or  lose  their  heat,  before  they  flowed  on  the  land,  sufficiently  to 
take  the  ordinary  temperature  of  the  springs  of  any  given  country ; 
in  either  case  often  containing  numerous  substances  in  solution, 
such  as  silica,  chloride  of  sodium,  and  numerous  others,*  and 
being  also  impregnated  with  gases,  such  as  carbonic  acid  and 
sulphureled  hydrogen,  f  and  therefore  capable  of  producing  de- 
posits in  the  fissures,  or  of  altering  their  pre-existing  contents 
should  conditions  be  favourable.;^ 

*  The  amount  of  matter  now  brought  to  the  surface  through  fissures  in  waters 
of  different  temperatures  must  be  considerable,  as  Benelius  informs  us,  that 
1,132,923  lbs.  of  sulphate  of  soda,  and  746.884  lbs.  of  carbonate  of  soda  are  brought 
annually  to  the  surface  by  the  Carlsbad  waters,  without  taking  into  account  the 
other  substances  also  contained  in  solution  in  them.  Trait6  de  Ghimie,  torn.  i. 
p.  445. 

t  Carbonic  acid  has  been  found  in  waters  even  to  the  extent  of  30  cubic  inches 
in  a  wine  pint,  at  Pouges.  Twenty'six  cubic  inches  of  it  are  detected  in  the  same 
measure  at  Pyrmont. 

X  In  illustration  of  the  changes  which  may  be  now  in  progress  in  the  mineral 
contents  of  fissures,  we  may  cite  the  circumstance  noticed  by  M.  Foumet»  in  one  of 
the  veins  of  the  Pontgibaud  mineii.  "  A  blast  caused  the  violent  escape  of  water 
charged  with  carbonic  acid  in  a  highly  condensed  state.  The  water  was  at  first 
loaded  with  a  white  clayey  matter,  held  in  suspension.  This  water  had  traversed 
a  mass  of  sulphate  of  barytes,  which  was  altered  to  a  certain  thickness,  in  such  a 
manner  that  the  crystalline  form  of  the  barytes  was  laid  open  like  a  metallic  moiiL 
These  waters  had  also  attacked  the  fragments  of  steachist  imbedded  in  felspar. 
The  decomposition  was  so  complete,  that  the  grains  of  quartz  and  the  talcose  laminae 
alone  remained."  Becquerel,  Traits  de  l*£lectricit6  et  du  MagoMisme,  tom.  v. 
p.  180. 

A.S  bearing  upon  the  subject  under  consideration,  it  may  be  noticed  that  a  consi- 
derable connexion  has  been  found  to  exist  between  the  gases  and  substances  in 
sofaitBon  in  the  mineral  springs  of  volcanic  countries,  and  the  gases  evolved  from, 
and  substances  sublimed  in  the  volcanos  themselves,  so  that  we  may  couidder  the 
Csneer  as  mere  vents  in  which  the  aqueous  vapours  are  condensed,  and  contain  sub- 
stances and  gases  which  are  either  directly  combined  with  the  water,  or  produced  by 
secondary  actions  in  it  or  upon  bodies  brought  into  contact  with  the  solutions  in 
their  passage  upwards. 
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Pseudomorphous  crystals  have  been  adduced  as  evidence  o( 
the  change  which  may  have  taken  place  in  the  condition  of  mi- 
nerals in  the  veins  where  they  are  found.  Mr.  Haidinger  has 
described  many  alterations^  termed  by  him  the  parasitic  forma- 
tion of  mineral  species,  depending  upon  gradual  changes  which 
take  place  in  the  interior  of  minerals  while  their  external  form 
remains  the  same.  Under  this  head  he  has  noticed  the  changes 
which  have  been  produced  on  substances  which  have  the  same 
composition,  and  on  others  which  contain  copper,  iron,  lead,  man- 
ganese, baryta,  antimony,  and  the  so-called  earthy  minerals, 
pointing  out  a  variety  of  cases  in  which  new  compounds  have 
taken  the  form  of  the  original  crystals,  apparently  by  gradually 
displacing  their  constituent  parts.* 

Mr.  Fox  notices  the  yellow  sulphuret  of  copper  in  the  form  of 
crystals  of  carbonate  of  iron,  of  oxide  tin  in  that  of  crystak  of 
felspar,  the  pseudomorphous  crystals  of  quartz,  and  others  of  the 
like  kind,  as  affording  evidence  of  the  reaction  of  substances  upon 
each  other  in  the  veins  of  Cornwall,  remarking  tliat  it  could 
scarcely  be  doubted  that  under  the  conditions  of  the  various  sub- 
stances in  a  fissure  in  the  course  of  filling,  those  which  were  metallic 
must  have  reacted  on  each  other,  and  pointing  out  that ''  a  consi- 
derable accumulation  of  an  electro-positive  metal,  such  as  zinc  or 
iron,  at  an  electro-negative  rock,  might,  for  a  time  at  least,  have 
changed  or  reversed  the  direction  of  the  electric  currents/'f 

M.  Becquerel  while  noticing  these  changes  adduces  the  follow- 
ing fiBbct  as  being  of  a  nature  to  show  that  all  these  decomposi- 
tions arise  from  actions  analogous  to  cementation,  to  which  he 
attributes  an  electric  origin.  He  states,  that  M.  Darcet  left  a 
plate  of  steel  during  eight  years  in  a  case  at  the  mint  at  Paris,  in 
contact  by  means  of  one  of  its  ends  with  a  solution  of  nitrate  of 
silver,  which  reached  it  very  slowly  from  a  fissure  in  the  vessel 
containing  it.  One  half  of  this  steel  plate  was  entirely  changed 
into  very  pure  silver,  offering  a  resisting  mass  without  the  least 
trace  of  iron.     The  volume  of  the  plate  of  silver  was  visibly  the 

•  Tnatactioos  of  the  Royal  Society  of  Edinburgh,  vd.  ix.  p.  73.  (1828.) 

f  Obtervations  on  Mineral  Veins.    Report  of  the  Cornwall  Polytechnic  8oat^ 

for  1836. 
Mr.  Fox  haa  figtued  a  six-sided  prisnuatie  ciystal,  part  of  which  is  aolphiuet  nt 

lead,  and  the  other  part  phosphate  of  lead  (pi.  vi.  fig.  20.)^  the  former  having  partly 

replaced  the  latter,  as  also  a  crystal  of  octohedral  fluor  spar  in  a  great  mtaauie  re* 

placed  by  pseudo-homstone  (pi.  vi.  fig.  21). 
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same  with  that  of  the  plate  of  steel.  ''  This  singular  effect/*  con- 
tinues M.  Becquerel^  ''  must  have  been  produced  by  actions  ana- 
logous to  those  which  have  converted  antique  bronze  coins  into 
the  protoxide  of  copper." 

Not  only  have  these  changes  taken  place^  but  we  also  very  fre* 
quently  find  cavities  in  quartz  and  other  substances  from  which 
the  crystals  over  which  they  were  formed  have  disappeared, 
leaving  only  their  casts.  Some  very  interesting  specimens  of  this 
order  were  lately  obtained  in  considerable  quantity  from  the 
Virtuous  Lady  copper- mine^  near  Tavistock.  Carbonate  of  iron 
had  covered  cubical  crystals  of  some  kind  which  had  been 
formed  on  bisulphuiet  of  copper,  and  had  entirely  disappeared, 
leaving  cubical  cavities  produced  by  the  crust  of  the  carbonate  of 
iron.  In  these  cavities,  some  of  which  were  large,  quartz  and  bi- 
sulphuret  of  copper  have  crystallised,  filling  them  up  only  in  part. 
So  that  in  this  case  the  following  events  succeeded  each  other 
after  the  fissure  or  cavity  was  formed  in  which  the  whole  oc- 
curred : — 1st  the  production  of  the  bisulphuret  of  copper,  often 
crystallised,  in  contact  with  the  containing  rock ;  2dly.  the  crys- 
tallization of  some  mineral  in  cubical  forms,  perhaps  fluor  spar ; 
3dly.  the  incrustation  of  these  crystals  by  carbonate  of  iron  ; 
4thly.  the  disappearance  of  the  cubic  crystals  by  some  cause 
whidi  did  not  remove  the  carbonate  of  iron;  and  5thly.  the  crys- 
tallization of  quartz  and  bisulphuret  of  copper  in  the  cubical 
cavities  thus  formed.* 

Not  only  would  changes  of  this  order  and  the  formation  of 
pseudomorphous  crystals  arise  from  the  reactions  produced  by 
various  substances  upon  each  other  during  the  filling  of  a  fissure 
by  different  mineral  bodies^  but  also  from  the  new  conditions 
caused  by  fresh  fractures  through  the  first  formed  contents  of  the 

*  It  would  appear  that  under  certain  conditioni  cryatali  may  be  rendered  hoUow 
aad  etill  pweife  their  external  form.  Mr.  Haidinger  itates,  that  during  hit  itay 
at  Bertin  in  1826,  Professor  Mitseherlich  ^^  exposed  crystals  of  hydrous  protosul- 
phate  of  iron,  immersed  in  alcohol,  to  a  deg^e  of  temperature  equal  to  the  boiliug 
point  of  that  liquid.  Decomposition  ensued,  though  the  external  shape  of  the 
etjvtal  remained  unchanged.  On  being  taken  out  of  the  liquid  and  broken^  each  of 
them  was  found  hollow,  and  presented  a  geode  of  bright  crystals,  deposited  in  the 
pUnee  of  the  original  ones.  The  crystals  had  the  form  of  low  eight^sided  prisms, 
bdonging  to  the  prismatic  system,  and  were  proved  by  analysis  to  contain  exactly 
half  f  ha  quantity  of  water  which  is  required  in  the  mixture  of  the  original  species."-^ 
Tians.  Koyal  Soc.,  Kdinbnrgh,  vol.  xi.  p.  79. 
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lode,  either  ia  the  direction  of  the  main  fissure  or  across  it  in 
various  others.     Prom  the  workings  on  the  Cornish  and  De- 
von lodes  it  is  found,  as  might  be  expected,  that  while  the  walls 
touch,  or  almost  touch  in  some  places,  they  swell  out  from  eadi 
other  in  others.     The  filling  of  such  fissures  must  therefore  have 
been  very  unequal,  and  cavities  of  various  sizes  here  and  there 
left  isolated,  as  it  were,  amid  the  general  accumulation  of  miDeral 
matter  in  it,  some  of  which  have  continued  unfilled  to  the  present 
day.*     When  new  fractures  were  made  through  them,  and  they 
were  laid  open  to  the  general  conditions  then  produced,  and  pro- 
bably new  solutions  of  substances  brought  into  contact  with  any 
crystallizations  that  might  have  been  effected  in  them  (and  it 
should  be  recollected  that  these  cavities  would  be  very  favourahle 
to  their  production),  we  might  expect  that  many  modifications 
would  be  produced,  some  crystals  being  decomposed  and  re- 
moved, their  constituent  parts  uniting  in  part  or  in  whole  with 
other  substances,  and  forming  other  minerals,  while  such  very 
gradual  changes  were  effected  in  others,  that  new  matter  replaced 
or  greatly  modified  that  of  the  original  crystals  without  changing 
their  external  form.   . 

Wlien  we  take  a  general  view  of  the  filling  of  the  disloca- 
tions in  the  district,  whether  termed  common  faults,  lodes,  or 
cross  courses,  we  see  that  it  has  depended  upon  conditions  among 
which  the  mineral  character  of  the  adjacent  rocks  holds  a  promi- 
nent place.  Upon  this  character  seems  to  have  greatly  depended 
the  nature  of  the  chief  mineral  substances  in  them.  Among  the 
limestones  we  find  carbonate  of  lime  abundant,  and  among  the 
silicious  rocks,  quartz.  We  therefore  infer  either  that  water 
charged  with  matter  derived  from  the  adjacent  rocks  has  infil- 
trated into  the  fissures, f  or  that  their  liquid  contents  have  acted 
on  the  adjoining  rocks  and  dissolved  a  portion  of  them. 

*  These  cavitiei  are  teraied  wpa  by  the  Cornish  miners,  and  are  sometimea  large. 
In  November,  1814,  a  very  large  vuf^  or  cave  was  found  in  Dolcoath  at  the  depth 
of  170  fathoms  from  the  surface.  Mr.  Rule  describes  its  form  as  very  irregular, 
from  eighteen  to  twenty  fathoms  in  length,  three  fathoms  high,  and  from  four  to 
nine  feet  wide.  In  the  lower  part  blocks  of  rock  were  wedged  in  between  the  walk 
of  the  lode.~Tran8.  G«ol.  Soc.  of  Cornwall,  vol.  i.  p.  225. 

t  Among  the  many  instances  of  the  power  of  water  to  filtrate  through  rocks  even 
of  great  hardness,  perhaps  the  case  adduced  by  M.  Fournet  (D^Aubuisson  a  Traits 
de  G^ognosie,  torn,  iii.,  2nd  ed.  p.  430),  is  as  good  as  can  be  selected.  Some  blocks 
of  hard  compact  basalt,  which  had  remained  partly  under  water  in  tlie  vicinity  of 
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Upon  the  mineral  characters  of  the  adjacent  rocks  seems  also 
to  have  greatly  depended  the  accumulation  of  the  ores  of  the 
useful  metals,  it  generally  happening  that  when  two  or  three  dis- 
similar rocks  are  traversed  by  the  same  iSssure  they  are  most 
abundant. 

By  whatever  cause  these  fissures  were  filled^  an  examination  of 
their  contents  would  appear  to  show  that  the  mineral  matter  we 
DOW  find  in  them  was  gradually  accumulated,  and  that  frequently 
during  the  time  thus  occupied  new  dislocations  were  effected 
through  them,  sometimes  separating  the  walls  from  the  mineral 
matter  previously  formed  in  them  (p.  339),  at  others  breaking 
through  it  in  an  irregular  manner.  In  the  one  case,  newly 
formed  substances  would  arrange  themselves  a  sort  of  plate  often 
parallel  to  the  walls  of  the  fissure ;  in  the  other,  they  would  be 
distributed  among  the  previous  contents  of  the  lodes  very  irregu- 
larly. Sometimes  the  irregular  cracks  would  extend  into  the  ad- 
joining rocks,  so  that  the  branches  of  similar  substances  may 
often  appear  to  run  into  the  heart  of  a  lode,  traversing  the  first 
formed  minerals  in  it. 

Though  many  lodes  have  the  appearance  of  having  been  dis- 
turbed after  a  considerable  accumulation  of  mineral  matter  in 
them,  others  bear  no  evidence  of  having  been  fractured  since  the 
original  production  of  the  fissure,  and  others  again  are  so  full  of 
fragments  of  the  adjoining  rocks,  that  the  quartz,  oxide  of  tin,  bi- 
sulphuret  of  copper,  or  whatever  may  have  been  the  cementing 
substance,  merely  joins  them  together  in  the  manner  of  a  breccia. 
The  experiments  of  Becquerel,  Fox,  and  Cross,  have  shown 
that  great  modifications  of  a  mineral  vein,  and  consequently  of 
the  contents  of  any  common  fault,  may  take  place  by  the  reaction 
of  a  variety  of  substances  on  each  other,  so  that  the  whole  may  be 
greatly  modified.  Every  new  dislocation  has  produced  new  con- 
ditions for  these  changes,  and  we  can  readily  conceive  that  those 
which  cut  across  lodes  at  considerable  angles  may  have  produced 
different  results  from  those  which  traverse  them  at  an  acute  one, 
more  particularly  if  we  consider,  with  Mr.  Fox,  that  currents  of 
electricity  passing  round  the  globe  from  east  to  west,  have  in- 

PmtgibMid,  were  fband,  when  blasted  with  gunpowder,  to  have  their  cavities,  where 
tlie  rock  was  beneath  the  water,  filled  with  liquid,  a  lining  of  little  needles  of  me- 
wtyite  having  cummenced  within  them ;  the  cavities  in  the  part  of  the  rock  above 
vater  havin|^  been  empty. 
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fluenoed  the  deposits  from  substances  held  in  solution  in  the 
fissures. 

The  extent  to  which  the  contents  of  mineral  veins  and  feults 
may  be  now  modifying,  we  can  scarcely  judge,  but  when  we  re- 
collect that  the  waters  in  them  are  all  charged  with  mineral 
matter  of  some  kind,  we  can  readily  conceive  that  any  alteration 
of  circumstances,  which  may  produce  a  change  in  the  nature  of 
such  matter,  might  also  be  productive  of  a  change  in  them,  how- 
ever the  component  parts  of  substances  in  the  fissures  had  ar- 
ranged themselves  for  the  time.  The  effect  of  atmospheric  in- 
fluences is  well  observed  at  the  top  of  every  mineral  vein,  and 
M .  Becquerel  has  taken  occasion  to  point  out,  from  the  atmosphere 
and  the  earth  being  generally  in  two  different  electrical  condi- 
tions, so  that  they  are  assimilated  to  the  two  conductors  of  an 
electrical  machine,  charged  with  opposite  electricity,  and  by  the 
aid  of  which  decompositions  are  effected,  that  *'  we  should  not  in 
the  present  state  of  science  neglect  the  electro-chemical  action 
resulting  firom  this  circumstance  in  researches  relative  to  the  in- 
fluence of  atmospheric  agents  upon  bodies  on  the  surface  of  the 
earth,  since  it  is  demonstrated  that  free  electricity,  which  is  trans- 
mitted through  sahne  solutions,  causes  their  decomposition."* 

«  Traits  de  PEIectridti  et  de  Magn^tUme,  torn.  v.  p.  202. 
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CHAPTER  XIII. 

STRKABf  TIN  AND  OLDER  SUPERFICIAL  DETRITUS.      SUBMARINE 
FORESTS.      RAISED  BEACHES  AND  ESTUARIES. 

Stream  Tin  and  older  superficial  Detritus. 

ScATTBRED  over  vaiioiis  parts  of  the  district  we  find  gravels, 
sands^  and  clays,  dbtributed  in  a  manner  which  would  lead  us  to 
con^der  that  a  large  proportion  of  them  had  been  brought  to 
rest  since  the  inequalities  of  its  surface  wene  much  the  same  as 
we  now  find  them,  consequently  after  the  various  dblocations 
above  noticed  had  been  effected  and  the  existing  valleys  formed. 

The  higher  gravels  on  the  Black  Down  Hills,  with  their  con- 
tinuation to  the  southern  coast,  which  contain  rounded  quartz 
pebbles,  the  gravels  on  the  Haldon  Hills  in  which  pebbles  of 
granite,  porphyry,  and  other  hard  rocks  of  the  surrounding 
country  are  mingled  with  chalk  flints  and  chert,  the  rounded 
quartz  pebbles  of  Crousa  Downs,  near  St.  Keveme  (Lizard 
district),  and  the  gravels  and  clays  of  Straightway  Hill,  between 
Exeter  and  Honiton,  may  belong  to  an  epoch  anterior  to  the  pro- 
duction of  the  valleys  in  the  district,  since  the  inequalities  of  sur- 
face produced  by  these  valleys  cut  off  their  continuity,  and  they 
are  ail  found  on  high  ground.  They  may,  indeed,  all  be  the  re- 
mains of  supracretaceous  beds,  which,  with  the  exception  of  these 
gravels,  have  been  removed  during  the  formation  of  the  valleys. 

Dr.  Buckland  long  since  noticed  the  occurrence  of  quartz  peb- 
bles upon  the  summits  of  the  hills  surrounding  the  vale  of  Char- 
mouth,  and  upon  the  highest  parts  of  the  Black  Down  Hills. 
These  we  might  suppose  were  derived  from  the  larger  pieces  of 
quartz  in  the  chalk  with  quartz  grains  (p.  237),  and  to  have  been 
separated  from  the  calcareous  matter  in  the  same  manner  that 
the  flints  have  been,  if  we  did  not  detect  them  above  the  mass  of 
such  flints,  instead  of  at  their  lower  part,  as  in  that  case  they 
ought  to  have  been. 

In  the  absence  of  better  evidence,  we  are  inclined  to  refer  these 
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superficial  gravels  to  the  same  date  as  those  which  rest  upon  the 
top  of  the  Haldon  Hills,  and  in  which  pehbles  of  granite,  por- 
phyry, and  other  rocks,  are,  as  above  stated,  mingled  with  green 
sand  chert,  and  chalk  flints.  What  the  geological  age  of  these 
gravels  may  be  it  may  be  di£Bcult  to  determine,  as  may  also  be 
the  case  with  the  gravels  on  Straightway  Hill,  where  we  find 
pebbles  derived  exclusively  from  the  red  sandstone  conglomerate 
on  which  they  rest,  mingled  with  some  sands,  in  the  manner  re- 
presented in  the  following  section,  one  exposed  in  a  quarry  near 


the  London  road  in  1834,  a  a,  being  pebbles  derived  from  a  dis- 
integration of  the  subjacent  conglomerate,  and  b  b,  sands  irregu- 
larly intermingled  with  them.  The  disintegration  of  the  red  con- 
glomerate may  have  been  contemporaneous  with  the  disintegra- 
tion of  the  chalk  and  green  sand,  producing  the  lower  part  of  the 
plastic  clay  series,  which  appears  to  have  been  afterwards  so 
extensively  removed  in  this  district,  the  disintegrating  causes 
having  removed  any  green  sand  which  may  once  have  covered 
this  part  of  the  country,  and  having  acted  on  the  lower  and  older 
rocks,  supposing  such  to  have  been  once  covered  by  the  creta- 
ceous series.  In  this  case  the  Straightway  Hill  gravels  would 
be  older  than  those  which  form  the  highest  parts  of  the  Haldons 
and  the  Black  Downs. 

The  like  uncertainty  as  to  geological  date  exists  respecting  the 
isolated  patch  of  superficial  gravel,  composed  of  rounded  quarti 
pebbles,  upon  Crousa  Downs,  or  rather  upon  the  high  land  upon 
which  are  situated  the  large  blocks  of  diallage  rock,  known  as  the 
'  Brothers  of  Grugith.'  This  patch  of  gravel  is  perfectly  isolated, 
occupies  an  area  of  about  half  a  square  mile,  at  a  height  of  about 
360  feet  above  the  level  of  the  sea,  and  resembles  no  other  accu- 
mulation of  superficial  detritus  within  considerable  distances. 

Whatever  difficulty  may  exist  respecting  the  geological  age  of 
the  superficial  detritus  above  noticed,  we  are  certain  that  the 
valleys  in  which  the  stream  tin  and  its  associated  gravek  are 
found,  were  produced  anterior  to  the  deposit  of  the  former.  The 
relative  date  of  the  production  of  the  valleys  is  a  subject  of  coo- 
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siderable  difficulty.  It  by  no  means  follows  because  there  is  a 
very  general  resemblance  in  the  characters  of  these  valleys  over  a 
large  proportion  of  the  district  that  they  have  been  all  contempo- 
raneously formed ;  on  the  contrary,  we  can  readily  suppose  that 
they  may  have  been  produced  by  the  operation  of  similar  causes 
at  various  times.  The  vallevs  of  the  Black  Downs  seem  to  have 
been  formed  after  the  deposit  of  the  plastic  clay  series,  as  it  is 
termed,  and  those  of  a  large  portion  of  the  eastern  part  of  the 
district  have  probably  been  produced  after  the  same  epoch.  If 
great  faults  have  not  so  altered  the  level  of  strata  that,  up  to  the 
formation  of  the  present  character  of  the  surface,  no  inferences 
can  be  drawn  respecting  the  relative  levels  at  which  various  de-* 
posits  were  effected,  we  might  expect  to  find  the  more  modem 
beds  filling  up  the  more  ancient  valleys  in  such  a  manner,  that 
we  could  be  certain  of  the  great  antiquity  of  some  of  them.  Al- 
though the  red  sandstone  series  reposes  on  inequaUties  of  the 
older  rocks,  and  the  cretaceous  series  in  like  manner  appears  to 
cover  uneven  surfaces  of  the  beds  on  which  it  rests,  we  have  been 
unable  to  trace  any  thing  like  a  system  of  ancient  valleys  which 
may  be  thus  concealed.  Whether  the  valleys  of  the  district  may 
have  been  formed  at  various  periods,  or  whether  they  may  have 
been  more  especially  produced  since  the  earlier  part  of  the  supra- 
cretaceous  epoch,  those  in  which  the  stream  tin  and  its  associated 
gravel  have  been  deposited  have  probably  been  much  modified  by 
the  action  of  the  waters  which  have  drifted  this  detritus.  If  these 
valleys,  previous  to  the  drift  of  the  tin  stone  pebbles,  had  been 
beneath  the  sea,  and  exposed  to  the  action  of  tides  and  currents 
transporting  detritus,  we  should  expect,  in  accordance  with  the 
effects  now  produced  by  such  agents,  that  they  would  become 
more  or  less  filled  up  by  drifted  substances;  and,  if  they  were 
valleys  above  the  level  of  the  sea,  as  they  now  are,  that  the  usual 
drift  of  transported  matter  would  have  partially  covered  their 
lower  parts  in  the  manner  we  now  see.  If  the  stream  tin  occurred 
in  firequent  layers  and  was  irregularly  dispersed  in  the  mass  of 
detritus  now  found  in  the  valleys  containing  it,  it  might  be  sup- 
posed that  rivers,  running  over  ground  traversed  by  strings  or 
lodes  of  tin,  brought  down  pebbles  of  tin  ore  when  in  flood,  dis- 
tributiag  them  here  and  there  according  to  circumstances,  while 
at  other  times  they  merely  carried  forwards  the  ordinary  and  less 
ponderous  detritus. 
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So  far  from  the  tin  stone  pebbles  being  thus  dispersed  through 
the  mass  of  gravels  and  sands  in  the  valleys  containing  them,  we 
find  these  pebbles  at  fhe  base  of  the  whole^  resting  upon  the 
subjacent  rock,  commonly  termed  the  shelf,  forcing  their  way, 
particularly  when  the  tin  stone  grains  are  fine,  into  all  the  chinks 
and  crevices  on  its  surface.  The  only  exception,  if  exception  it 
can  be  called,  to  this  general  fact  is  that,  occasionally,  though 
rarely,  at  the  meeting  of  two  valleys,  down  each  of  which  stream 
tin  has  been  borne,  the  end  of  one  stream  tin  mass,  coming  down 
one  valley,  overlaps  the  stream  tin  coming  down  the  other,  so 
that  for  a  short  distance  a  thin  intermediate  portion  of  n<Hi-8tanni- 
feh)U8  gravel  may  occur.  The  stream  tin  is  always  moreover 
found  in  greater  abundance  where  we  may  suppose  that  eddies 
would  be  produced  in  a  body  of  water  pouring  down  the  stanni- 
ferous valleys,  these  having  the  general  forms  they  now  poasess. 
It  appears  as  if  any  previous  detrital  contents  of  the  stanniferous 
valleys,  should  such  contents  have  existed,  had  been  fairly  washed 
out  by  a  mass  of  water  rushing  over  the  land,  rolling  and  driving 
various  loose  materials  before  it,  and  allowing  the  tin  stone  from 
its  greater  specific  gravity  to  be  strewed  along  the  bottom,  where 
circumstances  permitted. 

If  we  regard  the  surface  of  Cornwall,  on  which  a  crurt  of 
decomposed  or  disintegrated  rock  now  exists,  one  arising  from  the 
action  of  atmospheric  influences,  and  imagine  a  body  of  water 
to  rush  violently  over  it,  carrying  this  disintegrated  or  decomposed 
surface  before  it  down  the  present  valleys,  stream  tin  would  be 
found  distributed  in  them,  much  as  it  has  been  hitherto  discovered, 
though  not  perhaps  so  abundantly,  if  we  infer,  from  the  present 
ntiode  of  occurrence  of  tin  ores  so  comparatively  near  the  surfoce 
in  many  lodes,  that  a  previous  surface,  now  removed,  may  have 
been  still  richer  with  respect  to  this  metal  than  that  which  we  now 
find.  Those  who  have  studied  the  decomposed  granke  near  St* 
Austell,  traversed  as  it  is  by  a  multitude  of  branches  and  strings 
of  oxide  of  tin,  would  have  little  difficulty  in  perceiving  that  if 
a  body  of  water  were  made  to  rush  over  it,  the  decomposed  gra- 
nite would  be  readily  removed,  and  that  the  broken^up  strings 
and  branches  of  tin  ore  would  be  rolled  into  pebbles,  and  distri- 
buted just  as  the  stream  tin  now  occurs  down  the  valleys  in  the 
neighbourhood.  It  so  happens  that  the  valleys  and  low  grounds 
among,  and  proceeding  from  this  granite,  have  been  particularly 
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rich  in  stream  tin;  so  that  an  hypothesis  of  this  kind,— -one 
merely  requiring  that,  prior  to  the  production  of  the  stream  tin 
of  Cornwall,  a  mass  of  decomposed  granite  existed  in  the  same 
place  (in  fact,  a  higher  part  of  that  which  now  remains),  and 
that  a  body  of  water  was  driven  violently  against  and  over  it,-— 
would  explain  the  phenomena  observed. 

When  we  consider  that  the  specific  gravity  of  stream  tin 
varies,  according  to  its  purity  and  the  admixture  of  other  parts  of 
the  lodes  whence  it  is  derived,  from  about  5'6  to  6*9,  while  that 
of  granite  is  from  2'6^  to  2*74 ;  of  argillaceous  alate  and  common 
grauwacke,  from  2*64  to  2*81 ;  of  schorl  rock,  about  2*86 ;  of 
quartz,  2-63;  of  felspar,  from  2*53  to  2*60;  and  of  mica,  2*94; 
it  will  be  readily  perceived  that  the  tendency  of  the  tin  stones  to 
come  to  rest,  from  diminished  velocity  in  water  capable  of  trans- 
porting all  these  substances,  would  be  far  greater  than  that  of 
the  other  mineral  bodies  usually  occurring  as  gravel  with  it, 
all  other  circumstances  being  equal.  When,  therefore,  a  trans- 
porting water  could  no  longer  carry  tin  stones  onwards,  it  would 
be  cfq>able  of  pushing  forwards  or  retaining  in  mechanical  sus- 
pension the  other  gravel  associated  with  it;  so  that  a  funda- 
mental layer  of  tin-stone  pebbles  might  be  accumulated  at  the 
bottom  of  a  vaUey,  and  remain  settled,  while  lighter  bodies  were 
driven  or  carried  over  it,  due  allowance  being  made  for  the  forms 
and  volumes  of  the  component  parts  of  the  whole  transported  de- 
tritus, tin-stone  pebbles  included. 

Though  Mr.  Came,  some  time  since,  called  attention  to  the 
general  facts  connected  with  the  stream  tin  of  Cornwall  as  fur- 
nishing strong  evidence  in  favour  of  a  sweeping  inundation  hav- 
ing passed  over  the  land,  ''  the  effects  produced  by  which  have 
never  been  repeated  by  any  subsequent  flood,"  *  less  attention 
seems  to  have  been  paid  to  this  evidence,  while  the  distributing 
causes  of  various  superficial  gravels  of  England  have  been  under 
consideration,  than  the  relative  importance  of  the  subject  appears 
to  demand.  The  evidence  of  a  considerable  drift  from  the  north, 
in  many  parts  of  England,  is  well  known,  and  being  conspicuous 
upon  parts  of  the  South  Welsh  coal-field,  particularly  in  Glamor- 
ganshire, we  should  anticipate  that  it  might  be  visible  also  in  the 
district  under  consideration.     In  1830,  Mr.  Came  pointed  out  the 

*  Traos.  Geol.  Society  of  Goniwall,  vol.  W.  p.  55. 
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evidence  on  this  head  connected  with  the  stream-tin  of  Corawall, 
and  inferred  that  the  tin  had  been  swept  from  its  original  situa- 
tions towards  the  souths  more  particularly  insisting  on  the  lines 
which  cut  off  the  gold  drift  near  Ladock,  the  wood-tin  at  Tre- 
gurthy  Moor,  and  other  placesJ* 

If  ther«  were  any  traces  of  accumulations,  such  as  rivers  would 
produce,  in  the  tin-ground  proper,  or  in  the  gravels  of  which  the 
tin>stone  usually  constitutes  the  lower  part,  the  simple  fact  of 
particular  mineral  substances  stopping  at  given  parts  of  valleys 
would  not  possess  much  weight  as  evidence  of  a  drift  from  the 
north ;  but,  when  coupled  with  the  general  mode  of  occurrence  of 
the  stanniferous  gravel,  so  indicative  of  a  sudden  rush  of  a  great 
body  of  water,  the  prevalence  of  detritus,  which  can  fairly  be  re- 
ferred to  such  a  violent  passage  of  water,  so  much  more  down  the 
southern  than  the  northern  valleys,  is  not  without  its  importance, 
when  we  endeavour  to  trace  the  direction  whence  the  water  may 
have  proceeded.  On  the  opposite  side  of  the  Bristol  Channel  the 
drift  from  the  north  is  readily  seen,  rounded  portions  of  marked 
rocks,  well  known  to  occur  on  the  north,  being  found  not  alone  in 
valleys,  but  upon  hills  and  on  their  flanks,  where  no  rivers,  such  as 
would  flow  upon  that  land  from  the  present  inequalities  of  its 
surface,  could  produce  the  deposits  of  gravel  and  boulders  there 
seen.  A  great  mass  of  detritus  seems  to  have  been  swept  into 
the  Bristol  Channel  from  the  northward,  and  this  we  could 
scarcely  suppose  would  happen  without  a  great  body  of  water 
passing  onwards  to  the  southward,  carrying  before  it,  when  it 
struck  the  opposite  shores  of  the  Bristol  Channel,  a  large  propor- 

*  "  The  peculiar  situation,"  obsenres  Mr.  Came,  '*  in  which  nearlj  all  the  stieam 
tin  of  Cornwall  is  found,  compared  with  the  localities  of  the  most  productive  tin 
yeins,  is  highly  illustrative  of  the  direction  in  which  the  current  of  the  deluge  swept 
over  the  surface.  All  the  productive  streams  are  in  the  valleys  which  open  to  the 
sea  on  the  southern  side  of  the  Cornish  peninsula ;  whilst  most  of  the  richest  veins 
are  situated  near  the  northern  coast,  where  all  the  valleys  open  towards  the  north. 
Most  of  these  valleys  have  been  explored ;  but,  although  small  portions  of  tin  hive 
been  found  in  many  of  them,  no  extensive  beds  have  ever  been  discovered.  The 
mines,  for  instance)  of  the  parishes  of  Lelant,  Gwinear,  Camborne,  Illogan,  St. 
Agnes,  and  Peranzabuloe,  are  all  near  the  northern  coast ;  but  there  axe  no  pro- 
ductive streams  in  any  of  those  parishes.  On  the  southern  side,  however,  are  the 
streams  of  Perran-arworthal,  Ladock,  St.  Stephens,  Roche,  St.  Ai^stell,  LuxiUian, 
&c.  Now,  on  looking  at  the  direction  which  the  streams  bear  from  the  mines,  it 
will  appear  most  probable  that  the  course  of  the  current,  which  swept  the  tin  from 
its  original  situation,  must  have  been  from  north  to  south,  or  rather  from  N.N.W. 
to  S.S.E."— -Trans.  Geul.  Society  of  Cornwall,  vol.  iv.  p.  110. 
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tion  of  the  disintegrated  or  decomposed  surfaces  of  rock  which 
existed  in  that  direction,  transporting  them  into  the  chief  inequali- 
ties, and  carrying  them  down  the  principal  valleys,  according  to 
the  directions  of  the  minor  currents  produced  by  the  inequalities 
of  the  land  beneath. 

From  the  search  which  has  been,  during  so  many  centuries, 
made  for  stream  tin  in  Cornwall  and  Devon,  it  is  diflScult  to 
obtain  sections  of  unmoved  ground  at  present,  except  in  situa- 
tious  where  the  tin-stone  pebbles  are  not  very  abundant :  hence 
we  can  form  a  very  inadequate  idea  of  the  great  accumulations 
which  must  have  been  first  worked,  and  consequently  of  the 
tin-stone  pebbles  swept  into  ihe  bottoms  of  valleys,  or  into  basin- 
shaped  depressions^  (such  as  occur  at  the  Tregoss  Moors,  and  on 
.the  north  of  Wendron),  by  the  body  of  water  which  appears  to 
have  passed  over  this  land.  Traces  of  stream-works  are  to  be 
seen  from  Dartmoor  to  the  Land's  End,  often  in  depressions  on 
the  higher  grounds;  as,  for  example,  on  the  former  elevated 
r^ion,  whence  tin  pebbles  have  long  ceased  to  be  obtained,  being 
the  works  of  the  old  men,  as  the  ancient  miners  are  universally 
termed  in  Devon  and  Cornwall 

Though  the  richest  deposits  seem  to  have  been  well  worked, 
and  the  ground  turned  over  twice  or  thrice,  the  tin  stones  re- 
jected at  one  time  becoming  valuable  from  their  comparative 
scarcity  at  another^  there  is  still  enough  of  unmoved  ground  here 
and  there  working  to  enable  us  to  judge  of  the  accuracy  of  the 
general  geological  facts  stated  to  be  observable  in  connexion 
with  the  tin-grounds.  This  is  more  particularly  the  case  when 
modem  enterprise  has  directed  works  beneath  the  level  of  the 
sea,  as  at  Pentuan,  or  abstracted  the  tin-stone  pebbles  from 
beneath  the  silt  and  sands  of  an  estuary,  permitting  the  latter 
gradually  to  fill  up  the  space  once  occupied  by  the  tin-ground,  as 
is  now  done  in  Restronget  Creek,  near  Falmouth. 

The  following  is  a  section  of  the  Happy- Union  stream-work  at 
Pentuan,  as  observed  in  1829  by  Mr.  Colenso,  the  order  as- 
cending : — 

c  Im-groimd  of  unequal  thickness,  according  to  the  inequalitiei  of  the  sniface 
of  grauwacke  heneath  (3  to  10  feet).  With  it  are  rounded  piecei  of  granite 
and  other  rocks  of  the  St.  Austell  hills  traversed,  by  the  valley,  as  also  frag- 
nMuts  of  grauwacke  and  greenstone,  which,  having  been  transported  a  short 
distance,  are  more  angular.  Most  of  the  tin  occurs  at  the  bottom  of  this 
bed,  though  it  is  sometimes  found  in  the  higher  parts.     "  The  tin  is  from 

*  2d 
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the  size  of  the  fineit  sand  to  pebblei  of  10 lbs.  weight;  and  lome  locb, 
richly  impregnated  with  tin,  weighing  200  lbs.  and  upwards,  have  occasioa* 
ally  been  found  here.  The  small  tin,  which  is  known  by  the  name  of  gnin* 
tin,  is  of  the  best  quality :  the  larger  stones  contain  more  waste,  and  some- 
times also  copper  and  mundic."  Roots  of  trees  are  seen  in  this  ground,  and 
on  the  top  of  it  oyster>shell8  "  still  remain  fastened  to  some  of  the  Urge 
stones  and  the  stumps  of  trees.  The  roots  of  the  oak  are  in  their  natunl 
position,  and  may  be  traced  to  their  smallest  fibres,  even  so  deep  as  two  feet : 
from  the  manner  in  which  they  spread,  there  can  be  no  doubt  but  that  the 
trees  have  grown  and  fallen  on  the  spot  where  their  roots  are  found." 

b,  '*  A  stratum  of  dark  silt,  about  12  inches  thick,  apparently  mixed  with  decom- 

posed Tegetable  matter,  and  on  the  top  of  this  a  layer  of  leaves  of  trees, 
hasel-nuts,  sticks,  and  moss,  from  six  to  twelve  inches  more.  The  mon 
appears  in  a  perfect  state,  retaining  almost  its  natural  colour,  and  seenu  to 
have  grown  where  it  is  now  found.  This  layer  of  vegetable  matter  is  about 
30  feet  below  the  level  of  the  sea  at  low-water,  and  about  48  fiset  at  high- 
water  spring-tides.  It  is  not  found  in  particular  spots  only,  but  ezteodi, 
with  some  interruptions  across  the  valley." 

c,  A  bed  of  sludge  or  silt,  ten  feet  thick,  changing  from  a  brownish  to  lead 

colour  in  particular  places.  The  whole  is  sprinkled  with  recent  shells, 
together  with  wood,  hazel-nuts,  and  sometimes  the  bones  and  horns  of  deer 
oxen,  &c.  The  shells,  particularly  the  flat  ones,  are  frequently  found  is 
rows  or  layers ;  they  are  often  double  and  closed,  with  their  opening  put 
upwards,  so  as  to  render  it  likely  that  the  animals  lived  and  died  when 
their  remains  are  now  found."* 

d,  A  bed  of  sand,  about  four  inches  thick,  contains  (marine)  shelb,  and  **  tiie 

water  which  druns  from  it  is  nearly  as  salt  as  the  sea,  whilst  all  the  witer 
above  and  below  it  is  fresh." 

«.  Silt  or  clay,  two  feet  thick. 

/.  Sand,  20  feet  thick.  **  In  all  parts  of  this  sand  there  are  timber^trees,  chitfflf 
oaks,  lying  in  all  directions ;  and  also  the  remains  of  animals,  such  as  parts 
of  redndeer,  &c."t  Bones  of  whales  are  found  in^it :  the  bones  of  a  Isigs 
one  were  discovered  in  the  upper  part  of  this  bed,  as  well  as  those  of  others 
in  the  lower  portions  of  it. 

ff.  A  bed  of  rough  river-sand  and  gpravel,  here  and  there  mixed  with  sea-saad 
and  silt,  about  20  feet  thick,  and  extending  to  the  surface.  Mr.  ColenM 
states  that,  a  short  time  before  he  described  this  section  (1829),  the  remsiss 
of  a  row  of  wooden  piles  had  been  found  in  this  sand,  sharpened  for  the 
purpose  of  driving,  and  that  they  appeared  to  have  been  used  in  the  con- 
struction of  a  wooden  bridge  for  foot-passengers :  they  crossed  the  valley,  and 

*  These  shells  are  of  the  same  species  as  those  which  now  exist  in  the  neighboor* 
ing  sea ;  their  appearance  in  the  lead-coloured  silty  clay  strongly  reminds  the 
geologist  of  that  of  the  shells  in  the  subappenine  lead-coloured  days,  such  as  those 
of  Nice  and  other  places. 

Mr.  Colenso  states  that,  at  about  the  time  he  wrote  (1829),  a  piece  of  oak  had 
been  found  in  this  silt,  about  two  feet  from  the  top,  which  appeared  to  have  been 
brought  into  form  by  the  hand  of  man.  It  was  about  six  feet  long,  one  inch  and  a 
half  broad,  and  less  than  half  an  inch  thick.  It  appeared  to  have  floated  in  the 
sea,  as  at  one  end,  which  was  mnch  decayed,  a  small  barnacle  had  fixed  itself* 

t  Mr.  Colenso  notices  human  skulls  as  having  been  found  in  this  sand. 
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were  aboDt  tiz  feet  long,  their  tops  being  about  24  feet  from  the  present 
surface,— jnst  on  a  level  with  the  present  low-water  at  spring  tides.  He 
remarks  that,  if  the  sea-level  had  been  then  as  now,  such  a  bridge  would 
have  been  useless. 

These  works  are  now  abandoned;  but,  in  1837,  others  were 
carried  on  higher  up  the  valley,  on  the  south  of  the  Liondon 
Apprentice  inn;  from  which  it  would  appear  that,  from  the 
general  rise  of  its  bottom,  the  sea  had  not  entered  this  valley 
sufficiently  high  to  permit  marine  deposits  to  be  there  accumu- 
lated. The  tin-ground  was  covered  by  gravels,  sand,  and  silt, 
among  which  trees,  chiefly  oak,  were  irregularly  distributed,  the 
whole  probably  being  the  accumulation  of  river-drift  during  a  long 
period  of  time. 

From  information  collected  respecting  the  cutting  of  the  Par 
canal,  and  from  mining  operations,  it  would  appear  that  the  tin- 
gnnind  in  the  neighbouring  valley  of  Par  was  covered  by  marine 
deposits  to  a  level  that  would  correspond  with  that  observed  in 
the  St.  Austell  valley;  and  it  is  worthy  of  note,  that,  when  the 
cutting  of  the  Par  canal  was  effected  at  Pons  Mill,  near  St.  Blazey, 
gram'te  blocks  were  found  arranged  for  a  stone  bridge  nearly  20 
feet  beneath  gravel  which  had  accumulated  upon  it*  in  no  small 
quantity,  probably,  from  the  washings  of  the  tin  stream-works 
higher  up  the  valley,  sections  of  which  have  been  published  by 
Mr.  Henwood.f 

The  following  is  a  section  obtained  by  Mr.  M'Lauchlan  from 
Captain  Barrett,  of  East  Crinnis  Mine,  one  seen  in  a  shaft  sunk 
in  part  of  the  lower  ground  near  the  Par  estuary : — 

Feet.    Id. 

1.  Rhrer  deposits 16 

2.  Confused  mass  of  mud,  sand,  day,  and  stones,  which  has  been 

much  disturbed  by  the  stream-tinners 7      0 

3.  Mod,  day,  and  vegetable  matter,  apparently  an  old  surface  .        8      0 
4  Fine  sand,  containing  sei^hells  like  ooddes,   and  on  the  top 

rolled  pebbles 4     0 

&  Mod,  day,  sand,  wood,  nuts,  and  other  vegetable  productions, 

mixed  together 3      0 

a.  Tin-gnrand,  resting  upon  an  uneven  surfisoe  of  slate     .    6  inches  to  6  feet 

In  the  Camon  stream- works,  on  the  north  of  Falmouth,  and  up 
the  contiooation  of  the  valley  in  which  they  occur  inland  in  the 

*  Mr.  Austen  Trefity,  at  whose  charge  the  canal  was  formed,  has  preserved  these 
rtsaes,  and  tluy  were  to  be  seen,  in  1837,  between  Par  Bridge  and  Par  Harbour, 
t  Tnus.  Geol.  Society  of  Cornwall,  vol.  iv.  p.  60-64. 
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direction  of  St.  Day.  we  have  another  example  of  tin-grarad 
partly  beneath  marine  accumulations  and  partly  covered  by 
common  river  detritus. 

The  following  is  a  section  of  the  Carnon  stream-works  by  Mr. 
Henwood:* — 

Feet  is. 

1.  tSand  and  mud;  the  river  waih       ......      3  0 

2.  Silt  and  sheUs— three  luccessive  beds      .         .         .         .         •      0  10 

3.  Sand  and  shelli  (a  stream  of  fresh  water  percolates  this  bed)      •      2  0 

4.  Silt— three  beds 12  0 

5.  Sand  and  shells 3to40 

6.  Silt,  mixed  with  shells  in  large  quantities         •         .         •         .     12  0 

7.  Silt,  in  some  places  containing  stones       •         •         .         .     18  to  22  0 

8.  Wood,  moss,  leaves,  nuts,  &c.  all  of  a  dark  colour,  much  resem- 
bling what  has  been  charred ;  a  few  oyster-shells ;  animal  re- 
mains, those  of  the  deer  being  most  abundant,  and  some  human 

skulls I       ^ 

Towards  the  sea  the  bed  8  entirely  disappears ;  giving  place  to 
7t  which  reposes  on 

9.  The  tin-greund>  which  consists  of  rounded  masses  of  tin-ore,  in 
Slime  cases  unmixed  with  any  other  substance,  in  others  in  a 
matrix  of  quarts,  and  quartz  and  schorl,  with  rounded  pieces  of 

slate,  gpranite,  and  quarts,  varying  in  tliickness  from  a  few  inches  to    12      0 

The  shelf,  or  surface  of  rock,  on  which  the  whole  reposes,  is 

composed  of  dirty  white  and  pale-blue  clay-slate,  f     The  higher 

Carnon  works  are  now  abandoned,^  the  search  for  stream  tin  in 

the  same  valley  being  confined  to  the  bottom  of  Restronget  Creek, 

*  Trans.  Gleol.  Society  of  Cornwall,  vol.  iv.  p.  58. 

t  In  1807  Mr.  Edward  Smith  obtained  the  following  section  of  the  Canton 
streams,  and  it  should  be  here  observed  that  this  name  has  been  given  to  a  loo; 
line  of  works  down  the  valley,  so  that  the  minor  details  would  be  expected  to  mj 
during  the  distance. 

Feet 

1.  Mud  and  sand 7 

2.  Granite  grave),  intermingled  with  small  pieces  of  a  substance  resem- 
bling charcoal,  and  a  few  shells ^ 

3.  Fine  griivel,  mud,  and  shelb 1^ 

About  this  depth  are  several  irregular  strata  of  oysters^  about  4  or 
5  fleet  in  thickness,  extending  irregularly  to  within  4  or  5  fieet  of  the 
tin-ground. 

4.  Closer  mud,  intermingled  with  shells 19 

In  this  stratum  have  been  found  several  branches  and  trunks  of  trees, 
some  of  which  had  evident  marks  of  being  cut  with  an  axe  or  other 
sharp  instrument;  horns  and  bones  of  stags,  likewise  human  skolls* 

5.  Tin-ground,  varying  from 1  to  6 

GeoL  Transactions,  vol.  iv.  (181 7),  p.  404. 

The  shells  noticed  in  these  sections,  at  least  those  which  we  have  seen,  eorreipoDd 
with  the  species  still  found  in  the  Falmouth  estuary. 
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beneath  the  tidal  waters  of  the  estuary,  as  above  noticed^  on  the 
south  of  Daniell's  Point 

In  the  valley  extending  from  Lower  St.  Columb  Forth  by 
Treloy  towards  Tregoss  Moor>  and  in  which  stream  tin  has  been 
obtained,  we  have  evidence  that  on  the  north  of  Cornwall,  as  well 
as  on  the  south,  tin-ground  was  covered  by  marine  deposits  to  a 
certain  height  up  the  valley,  judging  at  least  from  information 
which  we  obtained  from  respectable  sources  on  the  spot,  for  no 
part  of  the  valley  was  worked  for  tin  when  the  Survey  was  en- 
gaged upon  that  part  of  the  district  Here  also,  as  on  the  south, 
a  bed  in  which  vegetable  remains  were  abundant,  chiefly  oak- 
trees,  the  roots  of  which  were  described  to  us  as  standing  in  the 
position  in  which  they  appeared  to  have  grown,  rests  upon  the  tin- 
ground  towards  the  seaward  termination  of  the  valley. 

We  were  informed  by  several  respectable  persons  of  a  circum- 
stance observed  in  this  valley,  during  the  time  it  was  last  streamed 
for  tin,  which  seems  to  throw  some  light  upon  the  condition  of  at 
least  a  part  of  it,  relatively  to  the  level  of  the  sea,  anterior  to  the 
drift  of  the  tin-ground.  It  would  appear  that  in  the  direction  of 
Treloy  some  beds  of  hard  grauwacke  traversed  the  bottom  of  the 
valley  in  such  a  manner  that,  if  the  whole  detrital  contents  were 
now  swept  out,  water  running  down  would  form  a  cascade  over 
them  to  a  lower  level.  Upon  the  higher  part,  above  this  bar  of 
rock,  the  tin-ground  became  scarce,  but  beneath  it  was  abundant, 
and  intermixed  with  shells  of  the  common  mussel  of  the  present 
coast,  many  of  which  were  in  the  position  in  which  they  were 
attached  to  the  rock  anterior  to  the  acciunulation  of  the  tin- 
ground,  this  gravel  appearing  to  have  been  readily  brought  to  rest 
in  a  manner  not  to  detach  the  musseb  from  their  places  at  the 
bar  of  rock,  but  on  the  contrary  to  bury  them  firmly,  in  conse- 
quence of  the  eddy  produced  behind  the  fall.  Supposing  this  in- 
formation to  be  correct,  the  sea  would  have  extended  up  the 
valley,  as  in  a  creek,  to  this  bar  of  rock  prior  to  the  deposit  of 
the  tin-ground. 

In  the  interior  the  tin-ground  is  usually  covered  by  common 
river  detritus,  more  open  spaces  frequently  having  a  bed  of  peat, 
in  which  oaks  are  frequent,  interposed  between  the  tin-ground 
and  the  other  detrital  accumulations.  This  is  readily  observable 
in  Tregofls  and  other  moors  near  or  among  the  Hensborough 
granite.     In  some  whole  ground,  as  the  tin-streamers  term  the 
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stanniferous  gravel  and  superincumbent  beds  which  have  not 
been  previously  disturbed  by  the  old  men,  upon  Bodmin  Const 
Moor,  the  peat-beds,  with  oak,  alder,  &c.,  covering  the  tin-ground 
very  irregularly,  were  in  some  places  several  feet  thick,  at  others  ab- 
sent, though  on  the  whole  they  seemed  to  keep  a  somewhat  common 
level  above  the  tin-ground.  In  some  places  thin  peat-beds  had 
been  accumulated  at  still  higher  levels  among  the  gravels,  sands, 
and  clays.  The  shelf  composed  of  semi-decomposed  granite  was 
very  irregular,  holes  30  or  40  feet  deep  presenting  themselves, 
in  the  bottoms  of  which  there  was  usually  good  stanniferous 
gravel. 

Upon  the  whole  there  appears  evidence  that,  after  the  causes 
which  produced  the  tin-ground  or  stanniferous  gravel  had  ceased, 
the  relative  levels  of  land  and  sea  were  such  in  this  district  that 
a  growth  of  plants  and  trees,  not  dissimilar  from  that  of  the 
present  day,  ijook  place  upon  the  gravel,  and  that  subsequently 
these  relative  levels  became  altered  so  that  the  sea  covered  the 
lower  parts  of  valleys  previously  above  water.  In  the  creeb 
thus  formed  silt  and  mud  were  accumulated,  entombing  the  re- 
mains of  marine  and  estuary  shells,  of  the  same  species  which 
now  exist  on  the  coast,  and  finally,  from  the  continued  drift  of 
alluvial  matter  down  the  valleys,  river  detritus  covered  up  these 
marine  or  estuary  deposits  when  they  had  accumulated  to  the 
necessary  height.  While  this  was  effecting  on  the  coasts,  the 
stanniferous  gravel  strewed  down  the  higher  parts  of  the  valleys 
became  simply  covered  by  ordinary  river  alluvium,  mingled  with 
trees  and  vegetable  matter ;  in  flat  places,  such  as  may  have  con- 
stituted marshy  ground  or  shallow  lakes,  peat  accumulating  in- 
termingled with  the  wash  of  gravels,  sands,  and  days,  from  the 
adjoining  higher  lands,  in  the  same  manner  as  now  takes  place 
commonly  in  peat-countries. 

From  the  occurrence  of  human  skulls,  and  the  works  of  man 
amid  these  detrital  accumulations,  supposing  the  fact  well  esta- 
blished, and  it  has  been  strongly  asserted  that  it  is  so,  and  that 
no  equivocal  appearances  may  have  been  produced  by  the  ground 
having  been  previously  turned  over  in  search  of  tin>  man's  re- 
mains are  mixed  with  them  in  a  manner  to  show  that  a  very  consi- 
derable amount  of  detrital  matter  has  been  accumulated  in  these 
situations  since  he  inhabited  Cornwall.  At  Camon  his  nmiaius 
are  stated  to  have  been  discovered  in  a  bed  mingled  with  those 
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of  deer  and  other  animals,  among  wood,  moss,  leaves,  and  nuts, 
about  53  feet  beneath  the  surface  of  mud  and  sand,  described  as 
river- wash;  and  at  Pentuan  human  skulls  are  stated  to  have  been 
found  under  about  40  feet  of  detiital  accumulations,  also  mingled 
with  the  remains  of  deer,  oxen,  hogs,  and  whales.  In  both  cases 
these  remains  were  obtained  beneath  marine  or  estuary  accumula- 
tions,  supposing  the  sands  at  Pentuan,  in  which  the  skulls  were 
found,  to  have  been  deposited  in  an  estuary,  into  which  the  whale, 
whose  bones  were  discovered  towards  their  higher  part,  could  have 
freely  entered.  Mr.  Colenso  indeed  mentions  a  piece  of  shaped 
wood,  which  he  considers  had  floated  about,  four  feet  lower  down, 
in  the  upper  part  of  silt  that  reposes  on  a  kind  of  submarine 
forest,  the  trees  in  which  appear  to  have  grown  upon  the  tin- 
ground,  and  may  coincide  in  age  with  the  bed  with  wood,  nuts, 
&c.,  in  which  the  human  skulls  were  discovered  at  Carnon. 

Assuming  these  facts  to  be  correct,  we  seem  to  have  evidence 
that  Cornwall  was  inhabited  by  human  beings  when  the  earlier 
accumulations  of  detrital  matter  were  effected  over  the  tin- 
ground.  That  is,  if  we  have  been  right  in  our  inferences,  not 
long,  geologically  speaking,  after  a  body  of  water  had  passed 
over  the  land,  the  greater  portion  of  which  was  previously  above 
the  sea  and  exposed  to  the  surface-decomposing  influences  of 
the  atmosphere,  sweeping  with  it  the  stanniferous  gravel  that 
now  oociipies  the  lowest  part  of  numerous  valleys  and  depressed 
spaces  in  Cornwall. 

If  the  bed  in  which  the  trees  and  other  vegetable  remains 
ooeur  52j^  feet  from  the  surface  at  Pentuan  be  equivalent  to  the 
similar  bed  with  human  skulls  53  feet  beneath  the  surface  at 
Carnon,  and  if  there  can  be  little  doubt,  and  there  seems  to  be 
none,  that  many  oak-trees  grew  at  the  top  of  the  tin-ground  at 
the  former  place,  sending  their  roots  into  it,  then  a  considerable 
dmnge  took  place  in  the  relative  levels  of  sea  and  land  since  man 
inhabited  Cornwall,  allowing  estuary  or  marine  deposits  to  be 
effected  in  creeks  upon  a  surface  that  previously  permitted  the 
growth  of  terrestrial  vegetation,  the  remains  of  the  marine  crea- 
tures entombed  in  the  mud,  silt,  or  sand,  showing  that  these 
creatures  were  of  the  same  species  as  those  which  now  exist  in  the 
adjoining  sea. 

Unless  the  search  for  stream  tin  had  been  so  economically 
important,  and  the  detrital  contents  of  so  many  Cornish  valley? 
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turned  over  in  this  search,  the  facts  above  noticed  never  would 
have  been  known.  In  other  parts  of  the  district,  therefore,  where 
the  detrital  accumulations  in  the  valleys  have  not  been  moved 
since  their  deposit,  it  can  rarely  happen  that  the  existence  of  man 
could  be  traced  to  an  epoch  corresponding  with  that  to  which  the 
Cornish  stream  tin-works,  especially  those  near  the  sea,  would 
assign  it.  We  should  still,  however,  expect  to  have  a  few  feds 
brought  to  light  corroborative  of  some  general  drift  of  detritus, 
and  of  a  change  in  the  general  level  of  sea  and  land,  by  which  a 
growing  vegetation  in  valleys,  and  upon  low  ground  bordering 
upon  the  sea,  was  submerged  and  covered  by  marine  or  estuary 
accumulations. 

With  regard  to  the  drift,  although  we  have  evidence  in  numerous 
valleys  of  gravel  accumulations,  the  pebbles  of  large  size  and  the 
accumulations  themselves  often  thick,  particularly  towards  the 
sea,  yet  as  we  have  no  marked  substances,  such  as  the  tin-stones, 
occupying  the  lower  part  of  them,  no  good  proof  can  be  adduced 
that  they  have  not  been  brought  together  in  their  present  situa- 
tions by  the  action  of  river  floods  during  a  very  long  lapse  of  time. 
In  some  places,  however,  as  on  the  slopes  of  the  hills  and  at 
variable  heights  above  the  present  rivers,  more  particularly  in 
the  portions  of  country  in  which  the  comparatively  soft  rocks  are 
exposed,  we  find  the  ground  furrowed,  and  these  furrows  filled 
with  transported  gravel,  which  also  irregularly  overspreads  the 
same  slopes  in  patches.  As  the  chalk  of  the  district  has  been 
similarly  furrowed  prior  to  the  deposit  of  the  plastic  clay  series, 
and  any  other  easily  yielding  rocks  then  exposed  might  have 
been  similarly  acted  upon,  and  the  furrows  filled  with  the  trans- 
ported matter  of  that  time,  it  becomes  often  difficult  to  assign 
these  irregularities,  with  their  gravels,  to  any  particular  date 
when  uncovered  by  beds  which  would  show  them  to  be  referrible 
to  a  particular  period. 

If  we  take  the  valleys  of  the  Black  Downs,  of  Lyme  Regis, 
Sidmouth,  and  other  similarly  situated  places,  to  have  been  formed 
after  the  deposit  of  the  plastic  clay  series  (as  appears  reasonable, 
inasmuch  as  they  are  cut  out  of  rocks  of  that  series  once  continuously 
stretching  across  the  country  in  the  same  manner  as  the  chalk 
and  green  sand  by  which  they  are  supported),  we  find  their 
flanks  strewed  with  gravels,  generally  composed  of  flint  and  cherts 
and  often  furrowed,  particularly  where  the  valleys  are  cut  into  the 
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Ted  sandstone  series,  the  furrows  being  filled  with  gravel  Now, 
as  the  harder  portions  of  the  rocks,  scooped  by  aqueous  causes 
into  these  valleys,  may  readily  have  remained  in  part  strewed  over 
the  flanks  of  the  hills  on  their  sides  after  they  were  so  excavated, 
we  do  not  feel  quite  assured  that  these  gravels  are  more  than 
such  remains.  If  so,  they  would  be  of  a  date  prior  to  the  pro« 
dttotion  of  the  stream  tin,  supposing  that  these  valleys  existed 
like  those  in  which  the  stanniferous  gravel  occurs,  before  the 
production  and  transport  of  the  latter,  and  were  not  formed  or 
greatly  modified  about  that  time. 

If  we  have  reasoned  correctly  respecting  the  stanniferous  gravels, 
very  great  modifications  would  be  effected  in  such  valleys  as 
those  above  noticed,  supposing  them  to  have  been  formed  before 
the  production  of  these  gravels,  in  consequence  of  the  comparative 
softness  of  the  rocks  of  which  they  are  composed,  so  that  gravels 
from  the  heights,  originally  formed  at  the  period  of  the  plastic 
clay,  and  others  produced  by  the  washing  out  of  the  flint  and 
chert  from  the  chalk  and  green  sand,  then  again  abraded,  would 
be  carried  down  these  valleys  and  deposited  according  to  cir- 
cumstances, some  detritus  filling  furrows  which  might  then  be 
formed.  Large  patches  of  flint  and  chert  gravels  are  distributed 
unequally  over  the  flanks  of  the  hiUs  among  which  these  valleys 
occur,  so  that  they  often  cover  up  the  lias  and  rocks  of  the  red 
sandstone  series  to  the  depth  of  several  feet.  Considerable  quan- 
tities of  this  drift  have  proceeded  down  the  valleys  of  the  Axe, 
the  Otter>  and  the  Culm,  and  it  is  worthy  of  attention  that,  when 
the  latter  joins  the  valley  of  the  Exe,  the  drift  of  chalk-flints  and 
chert  becomes  intermingled  with  pebbles  of  grit  of  the  carbona- 
ceous series,  not  only  in  the  lower  grounds,  but  to  some  height, 
as  may  be  seen  on  the  new  road  out  of  £xeter  to  Tiverton, 
between  the  gaol  and  turnpike,  where  gravel  (in  1838)  was 
quarried  for  the  roads. 

On  the  north  and  north-east  of  the  Black  Downs  there  is  much 
gravel  composed  of  chalk-flint  and  green-sand-chert  distributed 
over  the  red  sandstone  series  and  lias,  becoming  mingled  on  the 
north  with  gravel  derived  from  the  harder  parts  of  the  grauwacke 
of  the  Quantock  hills.  The  greater  part  so  occurs  that  we  can 
scarcely  explain  its  transport  ft-om  the  adjoining  high  lands  by 
means  of  river  drainages  such  as  we  now  see.  How  much  of  it 
may  be  merely  the  remains  of  the  chalk  and  green  sand  which 
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once  covered  a  &r  larger  portion  of  this  district  than  we  now 
observe  it  to  occupy^  it  would  be  difficult  to  say.  That  there 
should  be  so  few  hard  remains  of  these  rocks,  such  as  flmt  and 
cherts  and  that  we  should  find  them  so  little  distributed  over 
portions  of  the  district  where  we  may  infer  they  once  extended,  is 
remarkable^  more  particularly  if  we  suppose  the  green  sand  of 
Orleigh  Court,  near  Bideford,  with  its  superincumbent  gravd  of 
chalk-flints  and  chert,*  apparently  of  the  plastic  clay  series,  to 
have  once  formed  any  continuous  portion  of  the  green  sands  of  the 
Haldon  Hills  or  the  Black  Downs.  Some  very  powerful  aqueous 
causes  would  appear  to  have  swept  off  not  only  the  harder  parts 
of  these  deposits,  but  also  those  of  the  numerous  other  rocks 
hollowed  into  valleys,  and  which,  we  may  suppose,  once  existed 
in  great  abundance. 

By  the  opening  of  a  quarry  at  a  small  hill  close  to  Waddon 
Barton,  near  Chudleigh,  where  there  is  an  isolated  piece  of  lime- 
stone, we  obtain  evidence  of  the  transport  of  a  mass  of  detritus 
filling  up  considerable  inequalities  of  rock  beneath  it  in  a  manner 
indicative,  probably,  of  a  somewhat  sudden  accumulation,  inas- 
much as  the  materials  are  mixed  pellmell  with  each  other,  and  the 
locality  rises  above  the  drainage  where  such  materials  may  ha?e 
been  gradually  accumulated.  The  following  is  a  sketch  of  the 
quarry  as  it  appeared  in  1837 :  a  a  being  the  gravel,  and  6  i  the 

Fig.  73. 


*  The  chert  and  chalk-flint  gravel  of  this  place  ia  remarkable  for  being  oflea 
cemented  by  hmmatite  iron-ore.  In  some  places  it  may  be  termed  a  flint  brecciii 
with  a  rich  iron-ore  cement,  minute  cracks  in  the  flints  being  even  penetrated  by 
this  mineral. 
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limestone  rising  in  an  irregular  manner  into  it^  as  if  once  an  ex- 
posed tor  of  rock  upon  which  this  detritus  had  been  drifted.  The 
gra?el  is  chiefly  composed  of  chalk-flints  and  cherts  bound  to- 
gether by  earthy  matter;  but  among  it  we  find  rounded  pieces  of 
porphyry  resembling  the  elvans  of  Cornwall^  and  which  may 
ha?e  had  their  origin  in  some  el  van  dykes  not  yet  observed  upon 
Dartmoor.  By  the  admixture  of  porphyritic  pebbles  this  gravel 
resembles  that  on  the  top  of  the  Haldons  at  a  higher  level,  and 
upon  the  Bovey  clays  at  a  lower,  both  of  which  contain  porphy- 
ritic pebbles,  as  also  others  of  granite,  of  the  carbonaceous  rocks, 
&c.  How  far  a  wash  of  waters  over  the  Haldons  may  have 
distributed  these  gravels  over  lower  leveb,  so  that  the  detritus  of 
these  lower  levels  may  contain  pebbles  of  granite,  porphyry,  &C., 
it  would  be  difficult  to  say.  We  cannot,  indeed,  however  probable 
we  may  consider  it,  bring  proof  that  these  gravels  at  lower  levels 
were  distributed  by  a  violent  cause,  such  as  has  apparently  been 
productive  of  the  stanniferous  gravels. 

While  studying  the  gravels  of  the  district,  it  is  necessary  to 
pay  due  attention  to  the  evidence  which  appears  to  exist  of 
several  rivers  having  flowed  at  higher  levels  than  they  now  do. 
This  evidence  consbts  of  lines  of  gravel  and  boulders,  similar  to 
those  found  in  the  river-beds  beneath,  occurring  at  the  height  of 
several  feet  above  their  present  beds. 

Fig.  74. 


The  annexed  is  a  sketch  of  one  of  these  gravel-banks  rising 
about  80  feet  above  the  present  course  of  the  Dart,  near  Holne 
Bridge,  a  a  representing  ^e  gravel  and  boulders  of  the  granite 
and  of  the  altered  carbonaceous  rocks  traversed  by  the  river, 
resembling  those  now  brought  down  by  it,  and  6  b  schistose  rocks 
on  the  edges  of  the  laminss  of  which  the  bank  reposes.  A  con- 
tinuation of  the  same  line  of  gravel  and  boulders,  preserving  the 
same  height,  may  be  traced  on  the  left  and  steep  bank  up  the 
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river  for  some  distance.  Similar  banks  may  be  observed  up  the 
Teign  above  Chudleigh  Bridge,  and  one  is  weU  seen  on  the  road 
from  Crowcombe  Bridge  to  Fariey.  Banks  of  boulders  and 
gravel,  similar  to  those  now  found  in  the  bed  of  the  Tavy,  are 
discovered  near  Tavistock,  particularly  on  the  old  Plymouth 
road  between  the  turnpike- gate  and  Tavistock,  and  on  the  north- 
ward of  the  latter  town,  near  a  modern  villa.  These  banks  above 
the  Teign  and  Tavy  are  many  feet  higher  than  the  present  beds 
of  those  rivers.  There  are  many  localities  in  the  district  where 
small  flats  occur  in  the  course  of  valleys,  such  flats  being  fcHmed 
of  gravel  and  boulders  that  have  been  drifted  down  until  stopped 
by  still  or  nearly  still  water,  the  level  lands  being  now  again  cut 
through  by  rivers,  the  barrier  of  rock  which  formed  the  original 
lake  or  still  water  having  in  the  course  of  time  been  lowered. 
If  the  localities  above  noticed  be  considered  to  have  been  the  sides 
of  similar,  though  larger  lakes,  filled  gradually  by  gravel  and 
boulders,  to  the  height  of  the  banks  previously  described,  veiy 
great  subsequent  modifications  of  the  valleys  down  which  the 
Dart,  Tavy,  and  Teign  flow,  must  have  taken  place  to  admit  of 
this  explanation. 

As  ossiferous  fissures  and  caverns  occur  in  the  district,  and  the 
remains  of  rhinoceroses  and  elephants  have  been  detected  at 
Lyme  Regis  and  Charmouth  in  gravels  which  may  be  there  con- 
sidered as  the  oldest  occupying  the  valleys,  and,  therefore,  might 
be  equivalent  to  the  stanniferous  gravels  of  Cornwall  and  Devon, 
while  no  remains  of  hyoenas,  tigers,  elephants,  or  rhinoceroses, 
have  been  found  in  the  marine,  estuary,  or  common  alluvial  ac- 
cumulations above  the  stream  tin,  though  such  accumulations 
have  been  extensively  worked,  it  becomes  interesting  to  inquire 
whether  or  not  these  animals  were  destroyed  in  this  part  of  the 
world  when  the  stanniferous  gravels  were  formed.  Unfortunately 
the  Oreston  fissures  near  Plymouth  do  little  more  than  inform  us 
that  tigers,  hysenas,  elephants,  rhinoceroses,  &c.,  fell  into  them, 
as  Dr.  Buckland  suggests,  in  the  same  manner  that  horses^  oxen, 
sheep,  &c.,  now  fall  into  the  clefts  of  limestone  rocks  in  many 
places,*  while  Kent's  Hole,  near  Torquay,  so  well  investigated  by 
the  Rev.  Mr.  M'Enery,  and  the  Yealm  Bridge  cave  described 
by  Lieutenant-Colonel  Mudge,  also  show  us  little  more  than  that 
they  have  been  dens  of  hyssnas,  into  which  those  animals  dragged 
*  ReliquisB  Diluvianc  (1823),  suJffl. 
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their  prey^  consisting  of  elephants^  rhinoceroses,  horses,  deer,  &c., 
which  then  inhabited  the  land,  without  being  accompanied  by 
such  marked  circumstances  as  would  give  the  condition  in  which 
they  were  found  a  very  definite  geological  date. 

The  Oreston  ossiferous  fissures  have  at  different  times  been 
laid  open  during  the  excavations  there  made,  chiefly  to  furnish 
blocks  of  rock  for  the  breakwater  at  Plymouth.  The  first  were 
observed  by  Mr.  Whidbey  in  1817,  and  again  in  1820.  In  1822 
Dr.  Buckland  described  a  large  ossiferous  fissure  then  laid  open 
during  the  progress  of  the  quarry,  and  pointed  out  that  the  rock 
was  subject  to  fissures,  as  frequently  happens  in  limestone  rocks 
of  that  character  and  age,  and  that  some  only  of  these  fissures 
were  ossiferous,  while  the  greater  part  of  them  Were  more  or 
less  fiDed  by  loam,  sand,  or  stalactite.  The  quantity  of  bones 
which  have  been  taken  from  these  fissures  has  been  collectively 
very  considerable.  Many  minor  ossiferous  fissures  have  not 
been  publicly  known,  the  workmen  selling  the  bones  as  soon 
as  they  discovered  that  it  became  profitable  to  do  so.  Many 
even  appear  to  have  passed  unnoticed,  for  in  one  of  our  visits 
to  the  Oreston  quarries  we  obtained  two  teeth  of  a  rhinoceros 
at  the  bottom  of  a  narrow  fissure,  amid  a  dark  clay,  appa- 
rently impregnated  with  animal  matter,  in  an  old  unnoticed  part 
of  the  excavations.  G>nsiderable  angular  masses  and  smaller  frag- 
ments of  limestone  often  occur  in  the  ossiferous  and  other  fissures, 
and  it  can  be  readily  understood  that,  before  these  cracks  became 
filled  by  fragments  detached  from  the  sides  and  by  the  loam 
and  sand,  multitudes  of  animals  ranging  the  ground  above 
could  have  fallen  into  them,  more  particularly  when  chased  by 
beasts  of  prey,  often  themselves  the  victims  of  their  own  eager- 
ness and  voracity,  either  during  the  chase  or  when  the  dead 
animals  were  visible  in  the  fissures.  Dr.  Buckland  suggests  that 
the  proportion  of  individuals  found  at  Oreston,  the  graminivorous 
being  very  much  in  excess  beyond  the  carnivorous,  is  consistent 
with  an  hypothesis  of  this  kind.* 

We  are  not  aware  that  any  very  detailed  account  of  Kent's  Hole 
has  yet  appeared.  Mr.  M'Enery,  who  devoted  much  time  and 
labour  to  the  subject  a  few  jrears  since,  proposed  at  one  time  to  give 
one,  bat  we  believe  his  intentions  were  not  carried  into  effect.  Dr. 
Buckland  also,  we  believe,  possesses  much  information  respecting 
*  BeliquiB  Dilnviana,  p.  79. 
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this  cavern  not  yet  before  the  public  The  remains  of  bears, 
hyeenas,  elephants,  rhinoceroses,  deer,  and  other  animals,  have 
been  detected  in  it»  and  it  has  been  considered  probable  that  the 
cavern  was  tenanted  by  bears  before  it  became  a  den  for  hyaenas. 
Among  the  proofs  of  its  latter  condition  are  gnawed  bones  and 
the  ftecal  remains  of  those  animals.  Dr.  Buckland  found  rounded 
pebbles  of  greenstone  mingled  with  the  bones,  under  the  coating  of 
stalagmite,  in  this  cavern,  and  Mr.  M'Enery  discovered  rounded 
pebbles  of  granite  in  the  same  situation.  Dr.  Buckland  has  also 
informed  me  that  the  bone  breccia  in  Kent's  Hole,  particularly 
the  lowest,  was  full  of  fragments  of  grauwacke  and  slate,  some  of 
them  rolled. 

Lieutenant-Colonel  Mudge,  in  describing  the  Yealm  Bridge 
cavern,  states  that  large  quantities  of  the  bones  contained  in  it 
had  been  for  some  time  burned  in  the  Ume-kiln,  until  Mr.  Bellamy, 
of  Yealmpton,  discovered  their  importance.  It  appears  that  this 
cave  contained  the  following  five,  distinct,  sedimentary  deposits, 
commencing  with  the  highest : — 

Feet, 
a.  Loam,  coutaining  bones  and  stones  •  •         .        3) 

6.  Stiff  whitish  clay 2} 

c  Sand 6 

cE.  Red  clay 3} 

e.  AigiUaoeous  sand 6  to  18. 

The  upper  bed  only  contained  the  animal  remains,  which  con- 
sisted, according  to  Mr.  Clift  and  Mr.  Owen,  of  the  bones  or 
teeth  of  the  elephant,  rhinoceros,  horse,  ox,  sheep,  hysena,  dog, 
wolf,  fox,  bear,  hare,  water-rat,  and  a  bird  of  considerable  si^e. 
The  remains  of  the  elephant  and  rhinoceros,  as  far  as  could  be 
estimated  in  the  absence  of  the  bones  and  teeth  destroyed  in  the 
lime-kiln,  were  scarce,  while  those  of  the  hy»na  were  abundant, 
as  were  also  those  of  the  horse  and  ox.  Many  of  the  bones  were 
chipped,  gnawed,  and  splintered,  the  faecal  remains  of  hyenas 
were  detected  in  the  same  bed  with  the  bones,  and  in  one  part, 
where  the  roof  of  the  cavern  was  lower  than  usual, ''  the  limestone 
b  beautifully  polished,  as  if  by  the  friction  of  the  %njmiijg  whieh 
inhabited  the  cave,"  all  evidences  of  the  residence  of  hyaenas  in 
this  place,  such  as  have  been  adduced  by  Dr.  Buckland  for  the 
celebrated  cavern  of  Kirkdale.  The  pebbles  found  in  the  bed 
with  the  bones  are  stated  to  be  apparently  derived  from  the  con- 
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fines  of  Dartmoor^  and  to  differ  from  those  in  the  bed  of  the  Yealm, 
while  in  another  and  more  spacious  cavern^  in  which  there  were 
no  animal  remains,  the  pebbles  corresponded  with  those  now  in 
that  river ;  whence  Lieutenant-Colonel  Mudge  infers  that^  when 
the  elephant  and  hycena  inhabited  the  southern  part  of  Devon- 
shire, the  Yealm  Bridge  cave  and  the  latter  cavern  were  ex- 
posed to  very  different  conditions,  the  hysenas  being  probably 
prevented  from  entering  into  the  more  conmiodious  den.* 

Sedimentary  deposits  varying  in  total  thickness  from  18  to  30 
feet,  according  to  the  inequalities  of  the  lower  part  of  the  cave,  were 
evidently  accumulated  in  the  Yealm  Bridge  cavern  anterior  to 
its  occupation  by  the  hyaenas,  and,  as  these  deposits  vary,  so  must 
also  the  causes  which  produced  them,  the  mouth  of  the  cavern 
being  open  during  a  length  of  time,  of  which  we  can  form  no 
estimate^  to  the  entrance  of  waters  charged  with  sand  or  mud,  as 
the  case  might  be.  If  we  imagine  it  thus  exposed  to  the  entrance 
of  water  during  floods,  perhaps  in  the  valley,  we  can  readily  un- 
derstand that  it  would  not  be  inhabited  by  hysenas,  though  they 
may  have  tenanted  numerous  other  caves  at  that  period,  such, 
for  instance,  as  that  of  Kent*s  Hole,  where  the  conditions  were 
more  favourable  to  them.  Let,  however,  the  drainage  of  the 
country  be  lowered,  as  seems  often  to  have  happened  since  the  pre- 
sent valleys  of  the  district  were  first  formed,  so  that  the  waters  no 
longer  entered  the  cave  during  floods,  and  it  would  become  a 
fitting  place  for  the  hyaenas,  which  might  stiU,  however,  be  pre* 
vented  from  entering  the  Kitley  cavern,  as  noticed  by  Lieutenant- 
Colonel  Mudge,  because  under  water  or  not  open  to  day,  its 
fitness  as  a  den  for  hyaenas  having  been  due  to  a  still  further 
lowering  of  the  drainage  (and  it  is  not  now  much  above  high- 
water  mark  in  the  neighbouring  estuary),  after  those  creatures, 
and  the  elephants,  rhinoceroses,  &c.,  had  ceased  to  exist  in  this 
part  of  Britain,  f 

The  hyaenas,  bears,  elephants,  rhinoceroses,  &c.,  may  have  in- 
habited Devonshire  since  the  formation  of  the  present  system  of 
valleys  in  it,  one  which  may  have  been  greatly  advanced  during 

*  Pvoeeediiigs  of  the  Qeological  Society  of  London,  vol.  ii.  p.  399,  400.  March 
23«1836. 

t  It  may  be  here  obaerred  that  the  difference  in  the  relative  level  of  sea  and 
lody  thowQ  to  have  taken  place  on  this  coast  by  the  raised  beaches  on  it,  to  be  no- 
ticed in  the  sequel,  woald  produce  considerable  di£ference  in  the  height  of  the 
dniaage  of  this  and  other  similarly-situated  valleys,  so  near  the  termination  of 
estoaries. 
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the  later  parts  of  the  supracretaceous  or  tertiary  epoch,  as  it  is  more 
commonly  termed,  and  subsequently  to  the  destruction  of  a  large 
part  of  the  plastic  clay  beds  of  the  Haldons  and  Black  Downs. 
We  know  that  in  rocks  of  other  parts  of  Europe,  situated  in  as 
cold,  and  colder  regions,  elephants,  rhinoceroses,  &c.,  are  found 
entombed  in  regular  beds  of  the  later  supracretaceous  period; 
hence  there  would  be  nothing  in  climate  to  prevent  their  living  in 
Devonshire,  and  they  may  not  be  there  found  entombed  in  regular 
beds^  merely  because  the  condition  for  the  production  of  such  beds, 
either  in  great  lakes  or  in  estuaries,  subsequently  forming  dry 
land,  did  not  exist. 

These  animals  may  long  have  lived  in  this  part  of  England ; 
indeed  the  accumulation  of  their  abundant  remains  in  the  caves 
and  fissures  proves  that  they  did  so,  the  only  evidence  we  yet 
possess  in  this  district,  except  in  the  gravels  of  Lyme  Regis  and 
Charmouth,  of  their  having  existed  there  at  all.     Now,  if  any 
body  of  water  has  passed  over  this  land,  such  as  we  have  sup- 
posed necessary  to  produce  the  stanniferous  gravel,  this  would 
be  a  sufficient  cause  for  their  total  destruction,  and  the  reason 
why,  except  under  some  rare  circumstances,  their  remains  are 
not  found  in  the  gravels  in  the  valleys,  which  we  have  considered 
^were  chiefly  sw*ept  out  at  that  period.    The  bones,  however,  accu- 
mulated in  caves  and  fissures,  would  remain,  mud,  sand,  and 
occasionally  a  few  pebbles,  being  alone  washed  among  them,  the 
water  draining  off  or  evaporating,  in  the  case  of  the  caves,  and 
leaving  even  surfaces  on  which,  when  conditions  were  favourable, 
stalagmitic  incrustations   were  formed,   the  disturbance   of  the 
bones  in  the  caves  depending  on  the  manner  in  which  the  water 
entered  them,  in  some  instances  not  breaking  up  the  floor  of  any 
previous  sedimentary  accumulations,  covered  with  bones,  as  at 
Yealm  Bridge. 

With  regard  to  any  evidence  of  a  change  in  the  general  level 
of  sea  and  land,  previously  alluded  to  (p.  406),  by  which  a  grow- 
ing vegetation  in  valleys  and  upon  low  grounds,  bordering  the 
sea,  was  submerged  and  covered  by  estuary  accumulations,  we 
would  appear  to  possess  it  in  the 

Submarine  Forests, 

as  they  are  termed,  beds  of  vegetable  substances  occuiring  in 
several  places  beneath  the  present  level  of  the  sea. 
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These  submarine  forests  are  so  common  that  it  is  difficult  not 
to  find  traces  of  them  in  the  district  at  the  mouths  of  all  the 
numerous  valleys  which  open  upon  the  sea,  and  are  in  any  manner 
silted  up,  so  that  we  may  consider  they  once  formed  creeks  or 
the  bottoms  of  estuaries.  Commencing  with  the  eastern  part  of 
the  southern  coast,  we  find  the  slight  remains  of  one  at  the  mouth 
of  the  Char,  near  Lyme  Regis,  resting  upon  lias,  whether  or  not 
partly  on  gravel,  in  which  the  remains  of  the  elephant  {E.pri- 
migenitut)  have  been  found,  is  not  clear  from  the  great  shingle- 
beach  piled  up  between  them.  Although  submarine  forests  have 
not  been  detected  in  front  of  the  valleys  of  the  Axe,  the  Otter,  the 
£xe,  and  the  Teign,  vegetable  accumulations  would  appear  to 
have  taken  place  beneath  the  silt  or  sand  higher  up  in  all  of  them, 
leading  us  to  suppose  that  a  bed  of  vegetable  matter  may  be  deep 
under  them  at  the  mouths  of  the  rivers,  though  no  more  visible 
than  that  of  Pentuan  would  be  without  the  stream  works. 

At  Tor  Bay  there  are  traces  of  a  submarine  forest,  occasionally 
laid  bare  by  ^e  sea.  In  Millendreth  Bay,  near  the  Looes,  there 
is  a  small  portion  of  one.  That  at  Mainpurth,  between  Mawnan 
and  Falmouth,  has  been  described  by  the  Rev.  Canon  Rogers, 
who  there  notices  the  stump  of  an  oak  in  the  situation  in  which  it 
grew^  the  roots,  as  usual,  running  amid  peat,  bearing  evidence  of  . 
having  been  formed  in  marshy  ground,  and  containing,  he  con- 
siders, the  leaves  and  roots  of  Iris pseudacorus  (the  common  yellow 
flag),  now  growing  in  the  adjoining  marsh.^  The1  same  author 
has  also  noticed  the  remains  of  a  submarine  forest  with  stumps  of 
oaks  and  willows,  in  the  situations  in  which  they  grew,  a  little 
above  low- water  mark  at  Porthleven,  near  Helston.f 

The  submarine  forest  in  Mount's  Bay  has  been  described  by 
Dr.  Boase,  who  notices  it  as  being  covered  by  gravel  and  sand, 
upon  which  the  sea  is  constantly  encroaching,  and  by  which  the 
bed  of  vegetable  remains  is  laid  bare,  sloping  as  it  does,  seaward 
beneath  it,  so  that  while  part  of  the  bed  dips  beneath  the  sea  to  a 
distance  which  is  not  known,  other  portions  rise  to  its  level. 
This  author  has  given  a  minute  detail  of  the  section  obtained 
between  Penzance  and  Newlyn,  from  which  it  would  appear  that 
upon  a  base  of  the  schistose  and  other  rocks  of  the  locality,  the 
upper  parts  of  which  are  decomposed,  there  is  sand,  and  upon 

•  Trans.  Geol.  Society  of  Cornwall,  vol.  i?,  p.  481. 
t  iW.,  Tol.  i.  p.  236,  and  vol.  iv.  p.  482. 
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this  sand  a  bed  composed  of  vegetable  aubstanees,  which  he  says 
there  can  be  little  doubt  are  *'  the  remains  of  a  wood  which  once 
flourished  on  this  spot/'  pointing  out  the  resemblance  of  the 
accumulation  to  that  which  now  takes  place  in  the  adjoiniDg 
marsh.  He  states  that  the  trees  in  this  bed  '^  do  not  appear  to  hare 
been  of  large  size^  for^  judging  from  their  fragments^  they  were  for 
the  most  part  about  six  to  nine  inches^  and  very  rarely  a  foot  in 
diameter/*  The  far  greater  part  of  this  wood  is  noticed  as  haxeli 
with  some  pieces  of  alder>  elm,  and  oak.  Hazel-nuts  are  men- 
tioned as  abundant,  and  the  fragments  of  insects^  particularly  the 
elytra  and  mandibles  of  the  beetle-tribe,  which  still  display  the 
most  beautiful  shining  colours  when  first  dug  up,  but  crumble  into 
dust  on  exposure  to  the  air,  are  mentioned  as  found  amid  the 
vegetable  mass.* 

It  may  be  considered  doubtful  how  far  this  submarine  forest 
affords  support  to  the  old  tradition  that  St.  MichaeVs  Mount  was 
named  **  Carreg  lug  en  Kug,  or  Le  Hore  rok  in  the  Wodd,**  for  it 
in  a  great  measure  seems  to  have  been  laid  bare,  as  these  beds 
generally  have  been«  by  the  encroachments  of  the  sea  upon  the 
beds  of  detritus  that  appear  commonly  to  have  once  covered 
it,  such  beds  having  been  placed  by  a  change  in  the  relative 
level  of  sea  and  land,  so  that  the  land  was  elevated  within  the 
reach  of  the  destructive  action  of  the  breakers  which  previously 
rolled  over  them.  Upon  these  beds,  so  raised  above  the  sea, 
when,  as  we  shall  have  occasion  to  show  under  the  head  of 
"  raised  beaches,*'  the  district  generally  was  elevated  many  feet 
above  that  level,  woods  may,  nevertheless,  have  abundantly  grown, 
so  that  St  Michael's  Mount  may  then  have  deserved  the  name 
of  the  "  Hoar  rock  in  the  Wood,"  and  this  within  historical  times, 
the  low  ground  and  the  woods  upon  them  having  been  easily 
removed  by  the  action  of  the  heavy  seas  which  now  fail  upon 
these  coasts,  and  which  may  readily,  before  the  low  land  was  so 
raised,  have  washed  the  bases  of  the  hills  that  back  the  remains 
of  it  Of  the  great  loss  of  this  land  within  modem  times.  Dr. 
Boase  adduces  ample  proof. 

In  the  Hayle  estuary  we  again  have  evidence  of  trees  and 

vegetable  accumulations  beneath  the  present  level  of  the  sea,  and 

under  the  Dunbar  sands,  at  the  mouth  of  the  Camel,  a  similar 

bed  has  been  seen.     Traces  of  submarine  forests  occur  also  at 

*  Trans.  GeoL  Society  of  Cornwall,  val.  iiL  p.  173. 
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Perran  Porth,  Lower  St.  Columb  Porth,  and  Mawgan  Perth, 
between  these  two  localities.  A  similar  vegetable  bed  is  stated 
to  be  found  beneath  Braunton  Burrows,  at  the  embouchure  of  the 
Taw  and  Torridge,  near  Barnstaple  and  Bideford. 

At  Porlock  a  small  submarine  forest  is  well  exhibited  at  very 
low  tides,  the  stumps  of  trees,  which  appear  chiefly  oaks,  standing 
in  the  positions  in  which  they  grew.  The  present  action  of  the 
sea  has  bared  these  trees  by  removing  the  silt  and  sand  which 
onoe  covered  them,  as  can  be  seen  by  the  continuation  of  the  same 
bed  of  vegetable  matter  inland,  beneath  sands  and  silt,  behind 
the  present  shingle  beach  that  merely  reposes,  as  can  easily  be 
seen,  upon  the  inclined  plane  of  the  submarine  forest.  Another 
smaller  vegetable  accumulation  is  found  tiear  Minehead,  and 
among  the  compressed  plants  and  trees  the  bones  and  horns  of 
the  red  deer  have  been  discovered,  a  species  still  wild  in  the  ad- 
joining district  of  Exmoor. 

The  next  submarine  forest  to  be  noticed,  proceeding  eastward 
on  the  southern  shores  of  the  British  Channel,  is  that  which 
appears  to  occur  beneath  a  considerable  portion  of  the  Bridge- 
water  levels,  and  which  is  well  seen  to  pass  beneath  the  present 
level  of  the  sea  towards  Stert  Flats.  That  portion  which  appears 
near  Stolford  has  been  described  in  detail  by  Mr.  Leonard 
Homer,*  who  notices  Zostera  oceanica  among  its  peat.  Profesh 
9or  Buckland  and  the  Rev.  W.  D.  Conybeare  consider  that  the 
trees  at  Stolford  afford  very  clear  evidence  of  having  grown  on 
the  spot  where  they  are  now  seen,  and  they  have  further  noticed 
that  trees  of  large  dimensions,  fir,  oak,  and  willow,  are  found  in 
the  marshes  of  the  levels  at  the  depth  of  15  or  20  feet  from  the 
surface,  trunks  lying  prostrate,  and  stumps  with  their  roots  in  the 
upright  position  in  which  they  grew.  Intermingled  with  them 
are  furze-bushes  and  hazel-trees  with  their  nuts ;  the  whole  being, 
as  it  were,  bound  together  by  a  bed  of  reeds  and  other  palustrine 
plants,  f 

Part  of  this  vegetable  accumulation  may  be  comparatively 
modem,  but  undoubtedly  a  large  portion  of  it  occurs  beneath  estuary 
sand  and  silt,  and  at  a  level  lower  than  that  of  the  tide-waters  in 
the  adjoining  Bristol  Channel.  We  have  been  informed  that,  in 
making  deep  cuts  for  drainage  purposes,  it  has  been  frequently 

•  G«ol.  TruMMtioDti  toI.  iii.  p.  380.  f  Ihid,,  2nd  series,  toI  i.  p.  310. 
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found  at  the  depth  of  from  15  to  20  feet.  Professor  Buckland 
and  the  Rev.  W.  D.  Conybeare  notice  the  occurrence  of  the  peat 
beneath  eight  or  ten  feet  of  silt  on  the  banks  of  the  ri?er  near 
Bridgewater^  and  at  14  feet  at  about  2^  miles  N.E.  from  thattovn. 
A  similar  layer,  with  stumps  of  trees  in  the  position  in  which 
they  grew,  seems  also  frequently  to  have  been  detected  beneath 
sand  and  silt  in  the  low  levels  near  the  embouchure  of  the  Axe. 
and  thence  under  the  low  country  extending  by  Worle  and 
Wick  St.  Lawrence  to  the  shores  of  the  Bristol  Channel  in  that 
direction. 

Taking  the  general  evidence  afforded  by  the  so-called  sub- 
marine forests  round  the  shores  of  Devon^  Cornwall  and  Western 
Somerset,  we  find  that  a  vegetable  accumulation,  consisting  of 
plants  of  the  same  species  as  those  which  now  grow  freely  in  the 
adjoining  land,  is  frequently  discovered  occurring  as  a  bed  at  the 
mouths  of  valleys,  at  the  bottoms  of  sheltered  bays,  and  in  front 
and  under  low  tracts  of  land,  the  seaward  side  of  which  dips  be- 
neath the  present  level  of  the  sea,  so  that  the  terrestrial  vegetation 
forming  those  parts  of  the  bed  could  not  have  grown  at  their  pre- 
sent levels.  Now,  as  there  appears  to  be  the  very  best  evidence 
that  numbers  of  the  roots  of  the  trees  occupy  the  situations  where 
they  did  grow  relatively  to  the  subjacent  ground,  and  as  these  roots 
are  to  be  often  traced  as  far  as  the  tides  recede,  even  at  tlie 
equinoxes,  we  seem  compelled  to  admit  that  a  change  in  the 
relative  level  of  the  sea  and  land  has  taken  place  since  the<e 
trees  lived  on  the  situations  where  we  now  find  them. 

When  we  regard  such  situations,  and  in  imagination  nuse  the 
present  land  merely  30  feet,  it  will  readily  be  perceived,  by  re- 
ference to  plate  1,  where  the  ten-fathom  or  sixty- feet  line  is  traced 
round  the  coast,  that  numerous  small  tracts  of  dry  level  country 
would  be  produced  where  creeks  now  enter  the  land  at  tlie 
bottoms  of  shallow  bays^  and  in  some  situations,  as  in  Bridge- 
water  Bay,  a  large  tract  of  land  would  appear.  If  the  whole  were 
raised  60  feet,  it  will  be  seen,  by  reference  to  the  ten-fathom  lin<? 
(plate  1),  that  a  very  considerable  alteration  would  take  place  in 
the  coast-line.  It  is  almost  needless  to  remind  geologists  that  the 
permanency  of  the  new  dry  land  thus  produced  would  depend 
in  a  great  measure  on  its  amount  of  exposure  to  the  action  of  the 
breakers.  When  well  supported  by  rocky  headlands,  tracts  of  low 
country,  their   seaward  slopes  coinciding  with  the  original  fall 
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of  bottom  in  that  direction,  would  be  established,  and  be  pro- 
tected as  similar  tracts  now  are  under  such  physical  conditions 
by  sandy  dunes,  behind  which,  in  many  cases,  particularly  when 
the  rivers  were  unable  to  keep  their  embouchures  constantly 
open,  marshy  flats  would  be  formed,  among  which  a  growth  of 
wood  would  be  finally  established.  From  the  want  of  the  neces- 
sary physical  conditions,  the  raised  bottom  of  the  sea  would,  in 
many  localities,  soon  be  removed  by  the  violent  action  of  the 
breakers,  so  that  eventually  a  part  only  of  this  raised  sea-bottom 
would  remain,  in  spots  irregularly  separated  from  each  other, 
though  under  certain  conditions  common,  or  nearly  so,  to  all. 

Let  the  land  be  depressed — (and  we  must  here  represent  to 
those  unaccustomed  to  investigations  of  this  kind,  that  this  sup- 
position of  alternate  risings  and  depressions  of  land  is  perfectly 
in  accordance  with  the  necessary  explanation  of  many  geological 
phenomena) — so  quietly  that  no  heavy  waves  were  produced  upon 
the  coast  sufficient  to  carry  off  violently  the  vegetation  established 
in  the  low  tracts  of  ground,  and  to  a  depth  sufficient  to  prevent 
plants  being  torn  up  by  the  breakers,  and  this  vegetation  would 
be  entombed  beneath  silt,  sand,  and  gravel,  which  would  then  ac- 
cumulate upon  it,  where  the  levels  were  suited  to  such  deposits. 
Should  it  be  demanded  if  any  evidence  exists  of  the  so-called 
submarine  forests  being  so  covered,  it  may  be  replied  that  the 
evidence  on  this  head  is  very  general,  where  the  sea,  at  its 
present  level,  has  not  removed  it.  Estuary  shells  are  some- 
times found  in  the  sands  and  silt  that  ofVen  cover  them  behind  the 
beaches  which,  physical  conditions  being  favourable,  now  bar  the 
progress  of  the  sea  further  inland. 

We  may  select  the  Bridgewater  levels  (including  under  that 
term  their  continuation  on  the  south  and  round  the  western  part 
of  the  Mendip  Hills),  as  affording  a  good  example  of  this  fact. 
Professor  Buckland  and  the  Rev.  W.  D.  Conybeare  have  well 
pointed  out  the  ancient  sand  and  mud  banks  there  observable, 
with  the  shells  in  them,  identical  with  recent  species;  indeed 
they  are  so  with  those  which  now  exist  in  the  Bristol  Channel 
adjoining.  They  have  also  shown  that  the  lines  of  ancient  beach 
may  still  be  traced  along  the  borders  of  Sedgmoor,  at  Sutton, 
Chedzoy,  Weston  Zoy,  and  Middle  Zoy,  and  that  Weston  Zoy- 
land  and  Chedzoy  have  been  islands  against  which  sands  have 
been   drifted  and  a  shingle  beach  thrown  up.     They  have  re- 
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marked  that,  these  beaches  contain  rolled  chalk-flints,  mingled 
with  fragments  of  the  rocks  prevailing  in  the  neighbourhood,  and 
that  the  sands  and  beaches  often  rise  through  the  modem  peat, 
isolated  sand-banks  occurring,  as  at  Burtle  in  the  marshes  of  the 
Brue>  full  of  marine  shells,  while  at  other  times,  though  more 
rarely,  marine  and  fresh-water  shells  are  found  together,  and  that 
at  one  place,  Chilton,  one  mile  below  Bridgewater,  marine,  fresh- 
water, and  land-shells,  are  observed  mixed.*  Upon  examining 
these  facts  on  the  spot  and  comparing  them  with  the  appearances 
which  would  be  presented  by  the  bottom  of  the  adjoining  Bristol 
Channel,  if  it  were  raised,  we  were  forcibly  struck  with  the  general 
resemblfince  which  they  would  offer ;  so  much  so,  that  we  are  in- 
duced to  believe  that,  before  the  relative  levels  of  the  sea  and 
land  were  here  changed,  so  that  the  trees  at  Stolford  and  other 
places  in  front  of  the  Bridgewater  flat  lands  were  washed  by  the 
sea  in  the  manner  we  now  find,  the  country  up  to  and  beyond 
Glastonbury,  formed  a  branch  from  the  Bristol  Channel,  in  wfaicfa 
mud  and  sand  banks  existed,  as  they  now  do  in  that  channd. 

From  the  remains  of  Roman  potteries  having  been  found  al 
the  depth  of  12  feet  below  silt,  300  yards  from  Basin  Bridge, 
and  those  of  a  Roman  road  near  the  same  spot,  the  road  con- 
structed on  silt,  and  now  six  feet  beneath  the  level  of  high  water, 
we  might  almost  be  led  to  infer  that  this  difference  of  level  was 
in  a  great  measure  effected  since  the  occupation  of  Britain  by  the 
Romans,  if  we  could  be  certain  that  they  had  not  kept  out  the 
sea  by  embankments,  which  being  neglected  when  they  quitted 
the  country,  the  tides  entered  freely  over  the  land,  depositing  silt 
upon  the  old  potteries  and  road.  If  the  moulds  for  Roman  coins, 
stated  to  have  been  found  in  the  peat  in  some  places  in  these  levels, 
were  so  discovered  in  peat  which  could  be  referred  to  the  date  of 
the  submarine  forests,  the  evidence  in  favour  of  a  change  of  level 
at  that  period  would  be  very  valuable,  could  we  be  certain,  from 
their  position,  that  they  had  not  been  buried  in  it. 

If  even  we  suppose  the  Romans  to  have  employed  embankments 
to  keep  out  the  sea  when  the  road  above  noticed  was  used,  the 
necessity  of  the  embankments  would  show  the  relative  level  of  the 
sea  and  land  at  that  time,  and  the  silt  accumulated  upon  the 
potteries  and  upon  the  road  would  prove  that  a  considerable 
deposit  on  these  lands  has  been  since  effected,  which  may  readily 
*  Geological  Transactions,  2nd  series,  vol.  i.  p.  309. 
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have  ooirespooded  with  part  of  the  marine  accumulations  in  the 
tin«8tre«m  works  of  Pentuan  and  Camon,  giving  them  a  kind  of 
historical  date,  while  the  human  skulls  found  in  both  these  works 
may  hare  belonged  to  a  people  inhabiting  that  part  of  Britain  at 
a  stilL  more  remote  epoch. 


Raised  Beaches  and  Estuaries, 

We  have  now  to  consider  the  evidences  of  a  change  in  the  rela- 
tive level  of  the  sea  and  land,  connected  probably  with  the  rise  of 
the  submarine  forests  with  their  covering  of  detritus  to  their  pre- 
sent situations.  In  numerous  places  upon  the  coasts  of  the  district 
under  consideration,  particularly  in  sheltered  situations  or  in 
localities  where  the  solidity  and  hardness  of  the  rocks  on  which 
they  repose  has  prevented  them  from  being  altogether  removed 
by  the  breakers,  though  their  lower  portions  may  have  been  washed 
away,  we  find  shingles  and  sands  so  arranged  that  little  doubt  can 
be  entertained  that  they  are  the  remains  of  beaches,  similar  to 
those  which  exist  on  the  neighbouring  shores,  and  which,  from  a 
change  in  the  relative  level  of  the  sea  and  land,  are  now  at  heights 
varying  from  a  few  to  40  or  50  feet  above  high-water  mark. 

In  1758  Borlase  figured  and  described  the  raised  beach  at  Por- 
nanvon  Cove,  south  from  Cape  Cornwall.*  Though  he  does  not 
actually  state  that  this  may  have  been  an  ancient  beach  raised,  he 
pmnted  out  that  it  resembled  that  now  at  the  base  of  the  cliff. 
*'It  is  a  very  remarkable  structure,"  he  observes,  ''which  this 
cliffs  presents  us  with,  and  highly  deserving  the  attention  of  the 
curious  in  all  its  parts.  First  the  large  pebbles,  from  one  foot 
and  a  half  in  diameter  to  six  inches,  which  are  now  inserted  in 
the  cliff,  are  of  the  same  size  and  texture  as  those  strewed  on  the 
Hind  below,  which,  being  tossed  to  and  fro  by  the  force  of  the 
tide^  owe  their  roundness  most  probably  to  their  circumvolutions." 

In  1817  the  Rev.  R.  Hennah  noticed  the  raised  beach  at  the 
Hoe,  Plymouth.!  In  1828  Mr.  Came  pointed  out  the  occur- 
rence of  boulders  and  smaller  rounded  stones,  mingled  some- 
times, though  rarely,  with  sand,  in  several  localities  along  the  cliffs 
of  Western  Cornwall,  enumerating  twenty-one  places  from  Pen- 

•  Natural  History  of  Cornwall,  p.  76,  and  plate  xix.  Bg,  4. 
t  Geolof^cal  Transactions^,  Ist  serirs,  vol.  iv.  p.  410. 
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(leen  Cove  to  Mousehole>  where  beds  of  them  are  observable 
above  high-water  mark.*  In  1832  we  had  occasion  further  to 
describe  the  raised  beach  at  the  Hoe,  Plymouth,  previously 
noticed  by  the  Rev.  R  Hennah,  and  to  state  that  a  raised 
beach  was  also  observable  near  Redding  Point,  in  Plymouth 
Sound;,  and  that  traces  of  a  similar  beach  here  and  there  occur 
between  Plymouth  Sound  and  Torbay.f  In  1832  Mr.  Fox 
pointed  out  the  horizontal  bed  of  rounded  quartz-pebbles,  gravel, 
and  sand,  resembling  that  of  the  present  coast,  extending  about 
four  miles  between  Falmouth  and  the  Helford  River,  from  nine 
to  twelve  feet  above  high-water  mark,  interrupted  only  in  those 
places  where  solid  rock-cliffs  alone  formed  the  coast. J  In 
1832  also  Dr.  Boase  noticed  the  frequent  occurrence  of  these 
beaches  on  the  Cornish  coast,  referring  them,  however,  to  dilu- 
vium which  had  been  raised.  He  considered  that  their  maximum 
height  did  not  exceed  50  feet  above  the  level  of  the  sea,  sloping 
down  gradually  from  that  point  beneath  the  sea,  in  the  same 
manner  as  the  present  shore.  "  Thus  also,"  he  observes,  *'  the 
beds  of  gravel  and  sand  at  Fistral  and  Gerrans  Bay,  and  elsewhere, 
exhibit  the  same  phenomena,  the  lower  part  of  these  somedmes 
touching  the  waves,  and  at  others  appearing  on  the  cliSs  resting 
on  the  rock  far  above  the  present  sea-level."  § 

In  1835  Mr.  Austen  discovered  and  described  the  raised  beach 
near  Hope's  Nose,  and  on  the  Tliatcher  Rock  in  Tor  Bay;  and 
in  1836  Professor  Sedgwick  and  Mr.  Murchison  described  the 
raised  beach  on  the  coast  between  Brauuton  Burrows  and  Baggy 
Point,  in  the  north  of  Devon,  respecting  which  the  Rev.  D.  Wil- 
liams furnished  some  additional  information  in  1837. 

We  should  expect  that,  in  a  change  of  the  relative  leveb  of  sea 
and  land  upon  coasts  such  as  those  of  Cornwall,  Devon,  and 
West  Somerset,  to  the  amount  of  40  or  50  feet,  we  should  not 
only  have  raised  beaches,  but  that  estuaries  and  sandy  dunes 
would  be  found  elevated  also, — the  whole  coast,  where  not  altered 
by  the  subsequent  action  of  the  atmosphere  and  sea,  exhibit- 
ing evidence  of  the  same  general  rise  of  land.  Now  this  is 
precisely  that  which  we  do  find,  for  between  Tor  Bay  and  Char- 

*  Trans.  Geol.  Society  of  Cornwall,  vol.  iii.  p.  229—238. 
f  Gkological  Manual. 

I  Phil.  Ma^.  and  Journal  of  Science,  December  1S32. 
I  ^  Trans.  Geol.  Society  of  Cornwall,  vol.  iv.  p.  468. 
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mouth,  where,  from  the  kind  of  rocks  exposed  on  the  cliffs,  the 
coast  is  continually  wearing  away,  and  therefore  no  traces  of  beaches 
would  be  expected  to  remain,  we  observe  beds  up  the  valleys  of 
the  Otter  and  Exe,  first  noticed,  we  believe,  by  Mr.  Austen, 
which  could  scarcely  have  been  deposited  by  the  sea  at  its  present 
leveL  and  which  yet  contain  shells  such  as  are  commonly  found 
in  the  estuaries  at  the  lower  parts  of  the  same  valleys,  so  that  we 
may  consider  them  to  have  been  raised  at  the  same  time  with  the 
beaches  on  the  coast.  There  are  beds  also  in  the  lower  part  of 
the  valley  of  the  Axe,  which  would  appear  rather  the  raised 
bottom  of  an  estuary  than  a  mere  accumulation  of  alluvial  matter 
by  the  river  at  the  present  level  of  the  sea.  It  is  not  improbable 
that»  though  the  flat  lands  at  the  heads  of  most  of  the  estuaries  of 
the  southern  coast  of  Devon  and  Cornwall  may  in  a  great  measure 
he  due  to  the  check  the  rivers  flowing  into  them  receive  from  the 
tide  at  its  present  level,  much  of  the  detritus  accumulated  in  the 
valleys  may  have  been  so  when  the  tide  rose  to  a  higher  level. 
Unless,  however,  borings  or  cuts  be  made  for  some  economic  pur- 
poses through  these  flat  lands,  points  such  as  these  can  scarcely 
be  determined ;  and  we  should  bear  in  mind  that  the  amount  of 
any  accumulations  to  be  raised  would  in  a  great  measure  have 
depended  upon  the  time  which  may  have  elapsed  between  the 
sinking  of  the  land  in  the  valleys,  with  the  woods,  &c.,  now  sub- 
marine, and  the  elevation  of  the  country  to  the  height  of  the 
present  raised  beaches  above  the  sea. 

The  tin-stream  works  in  the  valleys  of  Cornwall,  towards  the 
sea,  do  not  exhibit  such  a  rise  of  estuary-formed  beds,  above  the 
present  level  of  the  tides,  as  might  have  been  expected  if  great 
accumulations  had  taken  place  in  the  valleys  after  the  subsidence 
by  which  the  low  wooded  tracts  of  land  appear  to  have  been  sub- 
merged, even  in  cases  when,  as  at  Par,  a  raised  beach  is  found 
inside  the  former  estuary.  In  like  manner,  though  the  beaches 
on  both  sides  of  the  united  embouchures  of  the  Taw  and  Tor- 
ridge  (including  that  noticed  on  the  north  side  by  Professor 
Sedgwick  and  Mr.  Murchison,  and  the  corresponding  elevated 
range  of  beach  on  the  south  side,  extending  about  a  mile  itom 
Rock  Nose  Point  to  the  southward),  and  the  raised  beaches  in 
several  places  up  the  Barnstaple  and  Bideford  estuaries,  as  near 
Westleigh,  in  Fremington  Pill,  at  Penhill  Point,  &c.,  can  leave  little 
doubt  that  the  sea  once  flowed  up  the  valleys  of  the  Taw  and 
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Torridge  at  an  elevation  of  30  or  40  feet  higher  than  at  present, 
the  detrital  matter  which  can  be  considered  as  a  raised  estaary 
bed  does  appear  to  be  far  elevated  above  the  present  level  of  high 
spring  tides. 

The  evidence  of  raised  sandy  dunes  is  well  exhibited  in  St.  Ires 
Bay  and  in  Perran  Bay,  on  the  north  coast  of  Cornwall,  more  espe- 
cially in  the  former,  where  we  have  a  beach  and  dunes^  35  or  40 
feet  above  the  present  level  of  the  sea,  on  a  cliff  of  grauwacke  near 
Gwythian.  Sands  would  appear  to  have  been  formerly  accumu- 
lated from  the  same  causes  as  those  now  in  action  at  the  bottom 
of  this  bay,  only  more  extensively ;  and,  when  the  change  of  level 
of  the  sea  and  land  took  place,  part  of  the  coast  was  so  situated  to- 
wards Gwythian  that  the  rocks,  on  which  the  beach  and  dunes  are 
based,  were  brought  within  the  action  of  the  breakers,  so  that  a 
cliff  of  grauwacke  was  formed  with  the  remains  of  a  beach  and 
dunes  resting  upon  it  From  this  northern  part  of  St.  Ives  Bay  to 
the  southern  the  slope  was  such  that  the  cliff  became  graduallj 
less,  so  that  eventually,  from  the  form  of  the  land  in  front  of  Upton 
Towans,  new  sandy  dunes  were  accumulated  over  the  old,  in  a 
manner  to  prevent  any  distinctive  line  existing  between  them. 
The  same  also  probably  occurred  at  Leiant  Towans,  and  in  like 
manner,  from  the  form  of  the  coast  and  its  levels,  after  the  rise  of 
land,  modem  accumulations  of  sands  have  covered  the  older  dunes 
in  front  and  on  the  sides  of  the  valley  between  Gwythian  and 
Godrevy  Head,  towards  which,  near  Godrevy  Farm,  an  excellent 
section  is  seen  of  a  raised  beach. 

In  like  manner  there  would  be  little  reason  to  doubt  that  Perran 
Sands  have  been  partly  accumulated  before  the  change  of  level 
and  partly  in  more  modem  times,  and  we  may  readily  infer  the 
same  with  regard  to  the  dunes  on  the  south  of  Trevose  Head,  those 
in  Padstow  Harbour,  at  the  mouth  of  which  there  is  a  raised  beach, 
and  on  the  north  of  Braunton  Burrows,  near  Barnstaple,  where 
indeed  sandy  accumulations  are  observed  above  the  raised  beach 
on  the  north  of  them. 

In  Fistral  Bay,  and  near  New  Quay,  there  is  no  difficulty  in 
perceiving  that  the  sandy  dunes  have  been  raised.  The  following 
is  a  section  (fig.  75),  obtained  on  the  east  side  of  the  Look-out 
Hill :  aaa  representing  the  grauwacke,  upon  which  the  ancient 
beach  b  rests,  composed  of  rounded  pebbles  of  the  subjacent 
grauwacke,  agglutinated  by  consolidated  sand,  and  raised  several 
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Fig.  75. 


feet  above  the  level  of  the  sea ;  c  being  layers  of  sand^  chiefly  formed 
of  comminuted  sea-shells,  such  as  are  now  found  so  abundantly  on 
the  north  coast  of  Cornwall,  where  sandy  dunes  are  accumulated, 
the  lowest  layers  being  consolidated ;  and  d  being  a  head  of  angu- 
lar fragments  derived  from  the  grauwacke  of  the  hill  above. 

In  the  adjoining  Fistral  Bay  we  may  not  only  have  a  raised 
beach  and  sandy  dunes,  but  probably  also  a  shallow  part  of  the 
bed  of  the  sea  which  here  existed  anterior  to  the  last  elevation  of 
this  land.     The  following  (fig.  76)  is  a  section  of  the  low  cli& 

Fijf.  76. 


EE3 


in  this  bay  formed  by  the  raised  beach,  and  peiiiaps  shallow 
bottom  of  the  sea,  which  the  breakers  have  thus  partially  re- 
moved ;  a  a  being  grauwacke  rocks,  which  from  their  hardness 
have  prevented  the  wear  of  the  coast  to  the  extent  it  would  other- 
wise suffer ;  h,  rolled  pebbles,  frequently  of  large  size,  mixed  with 
smaller  gravel  and  sand ;  c,  frequent  alternations  of  fine  gravel 
and  sand,  some  layers  of  the  latter  being  often  more  consolidated 
than  the  others ;  and  d,  less  indurated  sand,  which,  near  the  ex- 
tremities of  the  dunes,  on  the  north  and  south,  become  mingled 
with  fragments  of  the  grauwacke  there  rising  into  hilb  above  it. 
Bones  have  be^fi  found  amid  the  consolidated  sands  near  New 
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Quay,  which  have  been  stated  to  belong  to  the  ox^  and  which  may 
have  been  enveloped  by  the  drift-sands,  as  those  of  dead  animals 
may  be  at  present,  before  they  were  raised  to  the  level  at  which  we 
now  find  them.  The  quantity  of  sand  now  drifted  by  winds  upon 
the  old  dunes  would  not  appear  considerable,  the  locality  by  the 
change  of  level  having  been  rendered  less  fit  for  such  accumula- 
tions than  previous  to  it. 

It  would  be  useless  to  enumerate  the  various  localities  where 
the  remains  of  the  raised  beaches  are  found,  more  particularly  as 
their  occurrence  with  respect  to  the  form  of  the  land  and  to  the 
supporting  rocks  will  be  best  understood  by  reference  to  the  maps. 
It  will  readily  be  perceived  that  they  are  very  numerous,  so  much 
so,  that  in  Cornwall  especially,  where  the  supporting  rocks  from 
their  hardness  have  not  been  easily  removed,  it  is  difficult  to  enter 
a  sheltered  cove  without  finding  some  traces  of  them.  Perhaps 
the  raised  beaches  on  the  north  and  south  of  the  united  embou- 
chures of  the  Taw  and  Torridge,  with  those  up  the  Barnstaple 
and  Bideford  estuaries,  those  near  New  Quay,  the  raised  beaches 
and  dunes  in  St.  Ives  Bay,  including  those  near  Godrevy  and  at 
St.  Ives,  those  on  both  sides  of  Cape  Cornwall,  and  in  St.  Loy 
Cove,  the  various  raised  beaches  between  Coverack  Cove  (Lizard 
district)  and  Falmouth  Harbour,  that  in  Gerrans  Bay,  which  is 
a  particularly  fine  one,  and  those  of  Plymouth  and  Tor  Bay,  may 
be  enumerated  as  most  worthy  of  observation.  For  worn*  rocks 
associated  with  raised  beaches,  the  two  best  examples  which 
came  to  our  knowledge  were  amid  the  granite  veins  on  the  east 
of  Trewarvas  Head,  and  under  the  clifF  on  the  east  side  of  Pen- 
dennis  Castle,  Falmouth. 

As  a  general  fact,  these  beaches  are  composed  of  various  accu- 
mulations, often  in  layers,  of  rolled  boulders  and  pebbles,  with 
finer  gravels  and  sands,  such  as  now  form  the  beaches  near  them. 
They  are  composed  of  the  harder  parts  of  the  adjacent  rocks,  or 
of  such  which  we  can  readily  see  would,  from  the  action  of  the 
prevalent  breakers,  be  washed  in  that  direction,  or  of  sands  such 
as  are  now  blown  on  shore,  and  which  in  Cornwall  are  often 
composed  of  comminuted  sea-shells  mingled  with  a  minor  pro- 
portion of  rock-sand.  We  only  in  one  instance  observed  a  dia- 
gonal lamination  of  a  sandy  bed  in  them.  This  occurs  at  the 
raised  beach  on  the  north  of  Braunton  Burrows,  where  the 
following    section    (fig.    11^    is   aiforded   by   the  action   of  the 
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Fig.  n. 


breakers,  and  we  find  consolidated  layers  of  sand  and  pebbles^ 
h,  resting  upon  the  edges  of  grauwacke^  a  a,  and  supporting  a 
sandy  bed  c,  diagonally  divided  by  lamination.  This  is  covered 
by  layers  of  consolidated  sand,  mingled  with  a  few  pebbles,  rf, 
which  are  surmounted  by  similar  sands  and  pebbles,  e,  unconso- 
lidated. 

The  great  exception  to  the  ordinary  composition  of  the  raised 
beaches  consists  in  the  chalk -flints  which  are  sometimes  present 
both  in  the  actual  and  raised  beaches  in  a  rounded  state.  With 
respect  to  those  found  in  the  actual  beaches,  it  might  often  be 
supposed  that  vessels,  partly  in  ballast,  from  the  chalky  coasts  of 
faigland  and  France,  had  brought  these  flints,  since  they  now 
occasionally  do  so,  though  this  explanation  would  not  be  very 
satisfactory  in  some  localities.  The  occurrence  of  these  flints  in 
some  of  the  raised  beaches  (as  at  Coverack  Cove,  and  other  places 
in  the  Lizard  district),  while  they  are  not  to  be  found  inland  in 
the  adjoining  country,  is  not  of  easy  explanation.* 

*  It  is  possible  that  these  beaches  have  been  raised  since  the  country  was  inha- 
bited by  people  who  employed  shaped  flints  in  their  weapons,  and  obtained  chalk- 
flints  for  the  purpose,  and  that  many  of  the  flints  may  have  been  thrown  down  in 
sheltered  bays  and  creeks,  where  they  were  unloaded  from  the  frail  barks  of  the 
time,  becoming  subsequently  rolled  about  Hind  mingled  with  the  common  pebbles 
of  the  beach  afterwards  raised.  This  is  certainly  mere  conjecture,  but*  as  heaps  of 
chalk-flints  are  stated  to  have  been  discovered  with  flint  arrow  and  spear  heads 
in  some  of  the  earthworks  on  the  Cornish  coast  (near  Lower  St.  Columb  Forth,  and 
other  places  on  the  north  side),  and  we  may  thence  infer  that  they  were  imported 
for  the  purpose  of  manufacture  into  weapons,  similar  importations  may  have  taken 
place  previously*  even  supposing  that  the  earthworks  in  question  were  constructed 
after  the  alteration  of  the  relative  level  of  sea  and  laud  which  produced  the  raised 
beaches  we  now  see. 

From  the  occurrence  of  chalk-flints  near  encampments,  much  caution  u  necessary 
when  we  reason  on  the  occurrence  of  some  which  have  been  obtained  in  the  Land's 
End  district.     It  may  indeed  be  said  that  the  people,  finding  the  flints  on  the  land 
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In  many  places  in  the  south  of  Cornwall  black  oxide  of  iron, 
in  sufficient  quantity  to  render  parts  of  the  raised  beaches  hhA, 
cements  the  pebbles  and  sands  composing  them  firmly  together. 
This  is  particularly  well  seen  in  the  raised  beaches  between  the 
Looe  PooU  near  Helston^  and  the  little  village  named  Cove,  on  the 
south.     In  one  place  we  find,  as  in  the  annexed  cut  (fig.  78),  not 


only  that  a  layer  of  the  beach,  a  a,  is  composed  to  a  great  extent 
of  this  black  oxide  of  iron,  but  that  strings  of  the  same  substance, 
b  b,  descend  from  it  downwards  through  other  parts  of  the  same 
beach,  reminding  us  of  similar  strings  of  oxide  of  iron  in  the  con- 
glomerate and  sandstone  of  the  red  sandstone  series  near  Daw- 
lish  and  Ebceter.  They  were  probably  produced  by  the  percola- 
tion of  the  water  charged  with  the  iron  through  chinks  and  easy 
passages  downwards  from  the  line  through  which  it  generally 


In  Gerrans  Bay  also  the  occurrence  of  the  oxide  of  iron  as  a 
cementing  substance  of  part  of  a  raised  beach  is  well  exhibited. 
The  consolidation  thus  produced  is  so  considerable,  that  the  beach 
is  enabled  to  resist  the  action  of  the  breakers  with  considerable 
effect,  and  portions  of  it  thus  hardened  jut  outwards  into  the  pre- 
sent beach.     Portions  also  thus  consolidated  often  remain  adher- 

or  in  the  adjoiniog  beaches,  fashioned  them  into  spear  and  arrow  heads,  and  henee 
that  we  need  not  suppose  they  were  brought  by  sea  into  the  creeks  and  covea  ftd- 
joining  earthworks,  from  people  more  favoured  with  respect  to  flints  on  the  east- 
ward. Be  this  as  it  may,  much  error  may  arise  if  we  do  nut  pay  mifllcient  attention 
to  the  importation  of  chalk-flints  in  modem  times.  For  example,  while  exaflaining 
the  country  near  St.  Austell  we  found  a  field  on  the  hill  westward  from  the  turn- 
pike-road near  BosinTer,  strewed  over  with  unrolled  chalk-flints.  Upon  inquiry  into 
this  unusual  circumstance  we  were  enabled  to  ascertain  that  the  farmer  had,  some 
years  previously,  found  chalk  ballast,  in  which  were  flints,  thrown  out  of  a  tessel  in 
the  neighbouring  port  of  Charlestown,  and,  considering  that  the  chalk  would  benefit 
his  land,  he  brought  it  to  his  farm  and  strewed  it  over  this,  and  we  belivvey  one  or 
two  adjacent  fields.  The  chalk  had  gradually  disappeared  and  the  flints  bad  re- 
mained. If  this  had  happened  a  century  ago,  and  all  knowledge  of  the  caniage  of 
the  chalk  to  the  top  of  the  hill  lost,  the  occurrence  of  the  flints  in  such  a  pontioii 
might  have  led  to  erroneous  conclusions. 
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ing  to  the  supporting  rocks  when  all  the  rest  of  the  raised  heacfa 
has  been  removed. 

Consolidated  portions  of  raised  beaches^  the  sands  and  pebbles 
either  cemented  by  oxide  of  iron  or  calcareous  matter,  and  some- 
times by  bothj  are  frequent^  and  have  been  long  known  in  the 
neighbourhood  of  New  Quay  and  other  places.  The  following 
(fig.  79)  is  a  sketch  of  part  of  the  raised  beach  between  Porthalla 

Fi«.  79. 


and  the  Nare  Point,  on  the  north  of  Nelly*s  Cove,  which  has 
become  so  consolidated  that  the  sea  has  worn  out  a  cave,  upon 
the  top  of  a  small  fault  under  the  beach,  a,  that  supports  a  head 
of  angular  fragments,  c,  derived  from  the  hill  above,  where  the 
continuation  of  the  grauwacke  beds,  b  6,  appear.  Large  frag- 
ments of  the  consolidated  raised  beach  occur  scattered  in  the 
present  beach,  d,  equally  with  those  of  the  grauwacke. 

The  following  sketch  (fig.  80)  of  a  continuation  of  this  beach, 
at  Nelly*s  Cove,  will  exhibit  the  quantity  of  head,  c,  which  has 
accumulated  on  the  beach,  a,  since  it  was  raised.     It  also  shows 

Fig.  80. 
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that  the  kind  of  cliff  which  rose  behind  the  ancient  and  now 
raised  beach  did  not  differ  from  that  at  6,  which  now  rises  above 
the  present  beach  rf.  Perhaps  the  same  facts  may  be  further 
illustrated  by  the  following  section  (fig.  81),  between  RosemuUion 

Fig.  81. 


Head  and  Mainporth,  near  Falmouth,  where  the  raised  beach  a 
is  covered  by  angular  fragmentjs,  evidently  derived  from  the  hill, 
k,  a  cliff  of  which,  above  6,  backed  the  ancient  beach  a.  This 
section  also  shows  the  elevation  of  a  level,  e  a,  formed  of  slate 
rocks,  similar  to  that  which  is  well  seen  between  Swan  Pool  and 
Pendennis  Castle,  Falmouth,  and  which,  if  raised,  and  acted 
upon  by  the  breakers  where  it  would  cut  the  altered  level  at  high 
water,  would  be  worn  into  a  minor  cliff,  as  in  the  section  before 
us  the  slates,  e,  are  worn  by  the  sea,  d, 

A  head  of  angular  fragments  is  common  to  all  the  raised 
beaches  of  the  coasts  of  the  district,  when  hills  of  hard  rocks  rise 
behind  them,  showing  not  only  that  a  considerable  decomposition 
of  such  rocks  lias  taken  place  since  these  beaches  were  elevated 
above  the  present  level  of  the  sea,  but  also  that  there  has  been  a 
great  movement  of  the  decomposed  surfaces  of  the  hills  down- 
wards, covering  up  all  inequalities  that  presented  themselves, 
and  rendering  the  surface  more  smooth  than  would  othennise 
happen.  The  raised  beaches  have  been  covered  like  other  ine- 
qualities, because  they  have  only  remained  where  the  action  of 
the  sea  was  unable  to  remove  the  rocks  on  which  they  are  based. 
Such  situations  would  be  favourable  to  an  accumulation  of  head, 
inasmuch  as  the  fragments  which  previously  fell  from  the  cliff, 
from  the  u$ual  destructive  effects  of  the  atmosphere,  and  were 
ground  by  the  breakers  into  pebbles,  would  now  fall  and  accu- 
mulate on  the  raised  be^ch,  mingled  with  those  portions  of  rock 
which  by  the  action  of  rains  were  washed  down  the  slope  of  the 
adjacent  higher  grounds,  should  such  rise  above  the  cliffs,  as  they 
commonly  do  on  the  coast  of  our  district. 

The  submarine  forests  and  raised  beaches  of  our  district,  how- 
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ever  numerous^  from  accidental  circumstances,  the  latter  may 
happen  to  be,  merely  constitute  a  portion,  and  it  will  eventually, 
in  all  probability,  be  found  a  very  limited  portion^  of  those  which 
are  observable  in  Western  Europe,  and  which  show  that  much  dry 
and  low  land  has  been  depressed  with  a  growing  vegetation  upon 
it,  and  that  extensive  lines  of  coasts  have  been  elevated,  since  the 
vegetation  upon  the  land  and  the  shelly  inhabitants  of  the  sea 
wore  the  same  as  we  now  find  them  in  the  adjoining  lands  and 
^as,  and  hence  that  no  very  material  change  in  the  general  con- 
ditions of  the  one  or  of  the  other  has  been  effected  since  these 
differences  of  level  took  place. 

We  must  refer  to  the  various  geological  works  in  which  sub- 
marine forests  and  raised  beaches  are  described  for  the  evidence 
in  favour  of  this  statement,  but  as  connected  with  the  English 
Channel,  and  therefore  with  the  raised  beaches  of  the  district,  we 
may  notice  that  Mr.  Trevelyan  has  observed  raised  beaches  and 
shore- worn  rocks  above  the  present  action  of  the  sea  in  the 
Islands  of  Guernsey  and  Jersey,  the  raised  beaches  being  elevated 
about  eight  feet  above  the  present  high-water  mark,*  so  that  the 
change  in  the  relative  level  of  sea  and  land  which  produced  the 
raised  beaches  of  Cornwall  and  Devon,  has  not  been  confined  to 
the  northern  side  of  this  Channel. 

In  most  instances  in  which  the  submarine  forests  have  been 
noticed  there  has  been  a  covering  of  clay,  silt,  or  sand,  the  re- 
moval of  which  by  the  action  of  the  breakers  on  the  coast  has 
laid  open  the  vegetable  bed  beneath,  agreeing  therefore  generally 
nith  the  phenomena  observable  on  the  coasts  of  Cornwall,  Devon, 
and  Somerset,  where  these  forests  are  discovered.  How  far  a 
lar^e  portion  of  Western  Europe  may  have  suffered  a  moderate 
('hange  in  the  relative  level  of  sea  and  land  about  the  same  period, 
20  that  extensive  flats  and  low  valleys  bordering  its  shores  were 
lowered,  covered  with   a  growing  vegetation,  sufficiently  to   be 

*  Proceedioga  of  the  Geol.  Society  of  London,  Tol.ii.  p.  577  (Nov.  15,  1837). 
h  the  beuh  on  the  eaitt  of  Guernsey  where  the  road  descends  to  the  islet  of  Li- 
^  ^  the  gravel,  composed  of  pebbles  of  the  neighbouring  rocks,  mixed  with  cha/k 
.Vb,  some  not  much  rounded,  covers  a  water -worn  rock  of  granite,  and  is  cemented 
^y  by  a  ferru^^inons  sand.  Above  this  is  a  bed  of  disiutegrated  granite,  about 
^"i-ct  feet  thick,  mixed  with  angular  fragments,  thus  reminding  us  of  the  head  of 
"TJUr  fragments  so  commonly  seen  in  Cornwall  and  Devon.  In  the  north-west 
-f  (itjirnibey,  Dear  Fort  Doyle,  there  is  another  raised  beach,  as  also  in  Catherine's 
^1'  Jcraey.      ' 

2f 


Digitized  by  VjOOQiC 


434  RAISED  BEACHES  AND  ESTUARIES. 

coated  by  mud  or  sand  drifted  upon  them,  may  remain  to  be  de- 
termined^ and  we  may^  perhaps,  treat  as  a  general  movement  a 
multitude  of  local  movements  effected  at  difiFerent  times.  There 
does,  however,  seem  to  exist  fair  evidence  that  at  least  the  British 
Islands  may  have  been  exposed  to  this  change  about  the  same 
period,  subsequently  to  which  the  land  has  been  raised,  so  that 
numerous  low  grounds  have  been  worn,  and  are  now  wearing  away, 
disclosing  a  bed  of  entombed  vegetation  beneath,  in  which  the  roots 
of  trees  often  remain  in  the  places  where  they  grew,  some  localities 
being  defended  by  shingle  or  sandy  beaches  where  conditions 
were  favourable ;  an  additional  evidence  of  this  rise  of  land  being 
perhaps  also  found  in  the  remains  of  beaches  now  seen  above 
the  present  level  of  the  sea. 
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CHAPTER  XIV. 

ACTION  OF   THE   SEA    ON   THE   COAST,    AND   EFFECTS    OF 
ATMOSPHERIC  INFLUENCES. 

Actiofii  of  the  Sea  on  the  Coasts. 

As  about  four  hundred  and  seventy-two  miles  of  coast,  exclusive 
of  estuaries  and  minor  irregularities,  are  in  the  district  under 
consideration  exposed  to  the  action  of  the  sea,  considerable  facili- 
ties are  afforded  for  the  study  of  this  action,  more  especially  as 
the  rocks  brought  within  its  influence  are  very  different,  and  the 
conditions  under  which  they  are  exposed  are  also  variable. 

We  soon  perceive  that  the  streams  of  tide,  to  the  movement  of 
which  so  much  abrading  power  has  been  attributed,  have  very 
little  effect  upon  this  coast,  and  that  it  is  chiefly  in  those  places 
where  the  tides  have  little  strength,  but  where  the  softer  rocks 
prevail,  and  the  exposure  to  the  prevalent  winds,  and  hence  to 
breakers,  is  considerable,  that  the  chief  loss  of  land  by  the  action 
of  the  sea  is  greatest.  In  fact,  the  tides  rarely  run  beyond  one  or 
two  miles  per  hour,  except  round  the  headlands,  which  are  nearly 
all  composed  of  hard  rocks,  the  softer  parts  of  the  coast  having 
been  hollowed  out  by  the  breakers  during  the  lapse  of  ages  into 
creeks,  coves,  and  bays,  so  as  to  be  removed  from  the  main 
streams  of  tide. 

It  would  be  difficult  to  form  a  correct  idea  of  the  geological 
time  during  which  this  coast  has  taken  its  present  form.  Parts 
of  it  may  long  have  been  exposed  to  the  action  of  the  sea  while 
nxrks  may  have  been  forming  elsewhere^  so  that  numerous  geolo- 
gical ages  may  have  passed  away  during  the  grinding  of  the 
coast  into  its  present  outline.  When  we  perceive  so  many  hard 
n)cks  worked  into  creeks  and  coves,  and  learn,  as  indeed  from 
their  aspect  we  should  expect,  that  no  appreciable  change  has 
been  observed  in  them  during  the  memory  of  man,  we  can  readily 
believe  that  the  present  condition  of  this  coast  is  due  to  no  ordi- 
nary lapse  of  time  as  reckoned  by  him. 

The  tides  round  some  of  the  main  headlands  run  compara- 
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tively  strong — four  to  five  miles  per  hour — during  high  springs, 
but  it  may  be  very  much  doubted  if  the  water  with  this  velocity 
has  any  appreciable  effect  upon  the  rocks  of  the  points  round 
which  it  passes,  such  rocks  being  generally  of  the  hardest  kinds, 
and  the  actual  rate  at  which  it  flows  close  to  them  being  consi- 
derably less.     Swallow  Cliff  or  Sand  Point,  near  Wick  St.  Law- 
rence, round  which  the  strong  tides  of  the  Bristol  Channel  run 
with  a  velocity  during  high  equinoctial  springs  of,  perhaps,  six 
miles  per  hour,  is  composed  of  hard  mountain  or  carboniferous 
limestone,  and  bears  no  mark  of  being  abraded  by  the  tidal  cur- 
rent ;  on  the  contrary,  the  sea-weeds  and  barnacles  on  the  rocks 
most  exposed  to  this  velocity  seem  to  prove  that  they  are  not 
worn   away  by   it.      Anchor  Head,   near  Weston-super-Mare, 
and  Brean  Down  Point,  on  the  south  of  it,  in  like  manner  com- 
posed of  carboniferous  limestone  and  exposed  to  strong  tides,  also 
bear  no  marks  of  abrasion,  and  it  should  be  recollected  that  the 
Bristol  Channel   waters   are    here  much  charged  with  detrital 
matter,  and  hence  in  a  condition  to  wear  rocks  away  by  abrasion 
more  than  if  they  were  clear. 

The  current  of  tide  runs  strong  round  Hurlstone  Point,  near 
Porlock,  and  the  Foreland,  near  Linton,  but  the  hard  quartzoae 
sandstones  of  which  they  are  both  composed  bear  no  marks  of  being 
worn  by  it.     Neither  can  any  abrasion  be  observed  at  Morte  and 
Baggy  Points,  round  which  there  is  a  great  rush  of  waters  out  of 
Bideford  Bay  on  the  flood  tide,  the  former  headland  formed  of 
curved  beds  of  slate  rendered  hard  by  veins  of  quartz,  and  the 
latter  composed  of  hard  grauwacke  sandstones.     Hartland  Point 
formed  of  shales  and  sandstones,  variably  indurated,  of  the  car- 
bonaceous series,  is  certainly  wasting  away ;  attention,  however,  to 
the   ledges  of  rock  running  seaward  from  it,  and  exposed  about 
half-tide,  when  the  tidal  stream  is  strongest,  will  show  that  this 
head  is  not  worn   by  the  current  of  tide-water,   but  that  the 
heavy  breakers  would  more  speedily  carry  away  this  projecting 
point  than  they  now  do,  were  it  not  for  such  ledges  which  tlie 
stream  of  tide  does  not  remove,  but  which  throw  a  body  of  tidal 
waters  to  the  north-westward  upon  the  ebb. 

The  hard  quartzose  and  trappean  rocks  of  Trevose  Head,  the 
greenstone  and  trappean  rocks  of  Pentire  Point,  near  Padstow. 
the  hard  slates  of  St.  Agnes  Head,  the  compact  sandstone  and 
hard  slates  of  Grodrevy  Head,  the  greenstone  of  St,  Ires  Point, 
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the  greenstone  and  hardened  schistose  rocks  of  the  Gurnards 
Head,  and  the  granite  of  the  Land's  End,  ilaay  be  readily  sup- 
posed incapable  of  being  appreciably  wasted  by  the  action  of  the 
streams  of  tide  which  pass  round  them.  In  like  manner  the  gra- 
nites of  many  other  points  in  the  Land's  End  district,  the  ser- 
pentine^ diallage,  and  hornblende  rocks  of  the  headlands  in  the 
Lizard  district,  the  hard  arenaceous  grauwacke  of  the  Dodman 
Head,  the  mica-slate  and  gneiss  of  the  Bolt  Head  and  Prawle 
Point,  the  slate  crossed  by  quartz  veins  of  the  Start,  and  the  hard 
limestones  of  Berry  Head  and  Hope's  Nose,  on  the  extremities  of 
Tor  Bay,  may  well  also  be  considered  too  hard  to  be  abraded  by 
any  streams  of  tide  which  run  across  them. 

So  also,  when  we  turn  to  the  minor  headlands  across  which 
minor  streams  of  tide  pass,  we  find  them  too  hard,  or  too  well  de- 
fended by  ledges  or  fallen  blocks  of  hard  rocks,  to  be  worn  away 
by  the  mere  abrading  power  of  such  streams.  When  carefully 
examined  they  are  all  found  capable  of  resisting  the  tidal  cur- 
rents which  flow  by  them ;  and  we  must  here  observe  that,  pro- 
perly to  appreciate  the  abrading  power  of  a  tidal  stream,  it  is 
essential  that  the  coast  should  be  observed  during  calms,  although 
there  may  be  some  small  difference  between  that  condition  of  a 
tidal  stream  and  when  a  current,  produced  by  the  propelling 
power  of  wind,  in  consequence  of  friction,  is  added  to  its  usual 
velocity,  otherwise,  as  has  often  been  done,  the  powerful  abrad- 
ing force  of  the  breakers  is  mistaken  for  the  action  of  streams  of 
tide.  We  have  frequently  watched  on  the  shores  of  the  district  in 
calm  weather,  and  during  spring-tides,  for  the  power  of  the  tidal 
stream  to  move  the  small  shingle  and  sand  where  the  breakers 
pile  them  up ;  but,  as  such  places  are  necessarily  at  the  bottoms  of 
bays  or  creeks,  where  the  tidal  current  is  so  weak  as  to  be 
scarcely  appreciable,  except  by  the  direction  of  the  long  sea- 
weeds or  some  floating  body  on  its  surface,  we  have  rarely  seen 
even  the  grains  of  sand  moved  by  it. 

A  very  short  experience  of  the  destructive  effect  of  breakers 
will  be  sufficient  to  afford  evidence  of  the  form  which  a  coast 
must  take  according  to  the  variable  manner  in  which  it  may  be 
exposed  to  them,  so  that  after  the  lapse  of  ages  any  given  coast 
will  readily  show,  from  the  wearing  away  of  the  softer  rocks  into 
creeks,  coves,  and  bays,  the  harder  being  gradually  left  to  pro- 
trude as  points  and  headlands,  that  it  has  been  scooped  out  ac- 
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cording  to  the  unequal  resistances  of  the  rocks  on  the  one  hand, 
and  the  variable  power  of  the  breakers  on  the  other,  due  allow- 
ance being  made  for  the  original  form  of  the  land  and  the  indent- 
ations produced  by  the  entrance  of  the  sea,  at  its  high-water 
level,  into  valleys,  producing  estuaries.  If  we  regard  the  geo- 
logical maps  of  the  district  we  shall  readily  perceive  that  such 
has  been  the  case  with  it,  and  that  the  form  of  its  shores  corre- 
sponds with  the  relative  hardness  of  the  rocks  and  their  compara- 
tive exposure  to  the  breakers,  those  parts  now  wasting  away, 
proper  allowance  being  made  for  land-slips  caused  by  springs, 
where  the  rocks  are  comparatively  soft,  while  those  portions  are 
not  appreciably  abraded  where  the  rocks  are  hard. 

It  rarely  happens  that  breakers  do  not  fall  on  the  western  part 
of  this  coast,  even  in  the  calmest  weather,  undulations  from  the 
Atlantic,  produced  by  gales  of  wind  on  some  part  of  it,  not  too 
distant  to  allow  the  waves  so  caused  entirely  to  subside  before 
they  meet  the  land,  rolling  in  upon  the  shores,  and  often  breaking 
with  a  heavy  crash  on  them,  causing  probably  as  much  abrasion 
as  the  waves  at  any  other  time,  lliese  are  technically  known  as 
*'  ground-swells,*'  as  they  tear  up  the  beaches  exposed  to  th^n, 
hold  abundance  of  pebbles  or  sand,  as  the  case  may  be,  in  me- 
chanical suspension,  and  seem  as  it  were  to  rise  from  the  bottom 
of  the  sea,  hurling  the  mechanically  suspended  substances  upon 
the  beach  or  against  the  cliffs  with  a  heavy  grinding  noise,  fre- 
quently heard  far  inland.''  As  these  ground-swells  very  often 
roll  in  from  the  westward,  the  coast  from  Morte  Point  to  the 
Land's  End  is  much  exposed  to  it,  particularly  towards  the  latter 
place.  The  Land's  End  and  Tol-pedn-penwith  protect  Mount's 
Bay  from  its  range,  as  does  the  Lizard-land  the  coast  in  the  di- 
rection of  Falmouth.  When,  as  it  often  does,  the  Atlantic  or 
ground-swell  rolls  from  the  south-westward,  a  large  portion  of  the 
southern  coast,  otherwise  protected,  is  exposed  to  it.  It  is  some- 
times observed  on  the  Chesil  Bank  and  Portland  Island,  but  ge- 
nerally the  formidable  breakers  caused  by  this  swell,  even  in  calm 
weather,  do  not  extend  beyond  the  Prawle  and  Start  Points,  so 
that  a  large  amount  of  softer  rocks,  red  marls  and  sandstones, 

*  The  sudden  rite  of  this  ''ground-swell"  is  aometimes  attended  wiUi  loes  of  life 
to  the  Bshennen,  and  much  caution  is  in  consequence  necessary  while  explorinf;  the 
coast  exposed  to  it.  We  have  heen  three  or  four  times  unpleasantly  situated  in 
consequence  of  the  breakers  thus  suddenly  produced. 
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lias,  oolites^  green  sand^  and  chalk,  are  protected  from  it  in  the 
Great  Western  Bay. 

The  ordinary  breakers  are  well  known  to  be  the  crash  of  the 
waves  produced  by  winds  blowing  on  the  coast,  and  according  to 
the  exposure  of  the  coast  to  open  sea,  other  things  being  equal, 
are  their  magnitude  and  destructive  powers.  This  may  be  readily 
5«en  by  comparing  any  of  the  estuary  cliffs,  such  as  those  up  the 
Taw  and  Torridge,  the  Camel,  the  Exe,  the  Teign,  and  of  the 
Kingsbridge  and  Falmouth  waters,  with  the  lias  and  red  marl 
or  sandstone  cliffs  of  Watchet,  in  the  Bristol  Channel,  these  last 
with  those  of  the  Great  Western  Bay,  and,  finally,  the  cliffs  of  the 
latter  with  those  exposed  from  Hartland  Point  to  the  Land's 
End,  due  regard  being  paid  to  the  character  of  the  rocks  acted 
upon. 

In  many  situations  common  atmospheric  influences  so  combine 
with  the  action  of  the  breakers  to  produce  the  destruction  of  the 
cliffit,  that  it  may  be  difficult  to  say  whether  the  loss  of  land  may 
not  be  more  due  to  the  one  than  the  other ;  in  most  places,  how- 
ever, the  breakers  nearly  cause  the  whole  loss,  leaving  isolated 
rocks  to  show,  to  a  certain  extent,  the  destruction  they  have 
caused.  The  cliffs  from  Trevose  Head  to  New  Quay  may  be 
selected  as  affording  a  good  example  of  the  destruction  of  a  coast 
by  the  action  of  heavy  breakers,  the  grauwacke  slates  and  sand- 
stones of  which  they  are  altogether  composed,  with  the  exception  of 
the  sands  near  Trevose  Head  and  the  greenstone  at  Park  Head, 
being  of  a  kind  which,  if  placed  in  more  sheltered  places,  such  as 
the  Great  Western  Bay,  or  in  the  higher  parts  of  the  Bristol 
Channel,  might  be  expected  to  resist  the  breakers  to  which  they 
would  be  there  exposed  far  more  efficiently  than  they  now  do. 
We  can  readily  conceive  that  the  Quies  have  once  been  united  to 
Dinas  Head,  the  less  resisting  rocks  having  been  removed  by  the 
heavy  action  of  the  breakers  from  so  many  directions.  The  nu- 
merous deep  coves  between  Trevarnon  and  Porthcothan  Bays 
show  the  unequal  destruction  of  the  rocks  according  to  their  re- 
lative hardness.  Park  Head  exhibits  the  amount  of  protection 
whidi  a  hard  rock  (greenstone)  may  afford  to  others,  which,  when 
^Uy  exposed  to  the  action  of  the  breakers,  as  from  thence  to 
Trenance  Point,  are  readily  carried  away,  leaving  islands  or  rocks 
separated  by  distances  which  there  can  be  little  doubt  were  once 
occupied  by  slate  now  removed,  as  will  be  seen  by  the  accom- 
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panying  sketch,  representing  the  cliflfe  near  Bedruthan,  plate  12, 
fig.  1.  It  would  appear  that  in  the  production  of  islands  or 
rocks  of  this  kind  the  breakers  very  often  first  form  a  cave, 
through  a  projecting  point  or  headland^  which  becomes  gradually 
enlarged,  so  that  the  roof,  from  want  of  support  and  suflScient  co- 
hesion, falls  down,  and  the  point  remains  an  island,  round  which 
the  breakers  work  their  way,  gradually  increasing  the  distance 
between  it  and  the  main  land.  In  the  fiftli  headland  in  the 
sketch  (pi.  12,  fig.  1)  a  point  is  now  seen  to  be  separating  from 
the  main  land  and  forming  into  an  island  by  means  of  one  of 
these  arched  caves. 

The  rocks  between  Teignmouth  and  Lyme  Regis  suffer  much 
loss  from  the  act  ion  of  the  breakers  upon  them,  to  an  extent  that, 
if  the  latter  possessed  the  average  force  of  those  which  wear  away 
the  coast  last  mentioned,  very  considerable  inroads  would  be  made 
upon  them,  and  the  bay  would  be  much  enlarged  northward  in  the 
course  of  a  few  thousand  years.  No  doubt  much  loss  of  land,  in 
the  vicinity  of  Lyme  Regis  especially,  is  occasioned  by  the  slip- 
ping of  chalk  and  green  sand  (as  we  have  had  elsewhere  occasion 
to  represent  *)  over  the  lias  and  red  marl  into  the  sea,  producing 
picturesque  undercliffs,  the  fragments  of  the  fallen  rocks  protect- 
ing the  coast  from  the  loss  of  land  it  would  otherwise  sustain ;  but 
the  movement  thus  caused,  if  the  breakers  did  not  carry  away 
the  fallen  rocks,  would  be  comparatively  trifling,  equal  only  to 
the  landslips  observed  in  the  valleys  near  Lyme  Regis  and  Ax-  , 
minster,  where,  from  a  similar  cause,  the  green  sand  on  the  j 
slopes  of  some  parts  of  the  hills  slides  upon  the  mud  or  clay  to  | 
lower  levels.  Independently,  however,  of  the  loss  by  landslip, 
the  lias  cliffs  near  Lyme  Regis  are  readily  seen  to  be  washed 
away  by  the  breakers,  as  may  easily  be  observed  between  Char- 
mouth  and  that  town,  as  also  to  the  eastward  of  it.  Cousiderdble 
waste  of  this  coast  has  thus  been  occasioned  within  the  meroon'  ot 
persons  now  living,  a  waste  first  recorded,  we  believe,  by  De  Luc, 
and  one  which  is  still  proceeding  at  a  considerable  rate,  the  fall 
of  the  cliflfs  being  frequent,  particularly  in  bad  weather. 

Much  loss  of  coast  is  sustained  near  Sidmouth,  particularly  in 
the  direction  of  High  Peake,  the  small  green-sand  cap  on  the 
top  of  which  will  disappear  at  no  distant  date,  geologically  speak- 
ing, and  be  only  known  to  have  existed  from  the  geological  niap^ 

*  Geological  Manual,  3rd  ed.  p.  49,  fig.  10. 
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now  constructed  of  that  part  of  the  country.  The  isolated  red 
sandstone  and  conglomerate  rocks  on  several  parts  of  the  coasts 
the  evidences  of  its  former  boundaries  between  Sidmouth  and 
Teignmouth,  are  often  worn  away  by  the  breakers  in  a  manner 
well  illustrating  the  unequal  resistance  offered  by  different  por- 
tions of  them.  One  of  these  isolated  masses^  named  the  Chit  Rock, 
which  long  rose  above  a  ledge  on  the  west  of  Sidmouth,  was  a  few 
years  since  upset  in  consequence  of  a  central  part  of  it  having 
been  finally  worn  so  thin,  that  the  upper  portion  was  knocked  off 
by  the  breakers  in  a  gale  of  wind. 

Near  Watchet,  East  Quantockshead,  and  Little  Stoke,  the  lias, 
red  marl,  and  sandstone  of  the  coast  suffer  much  annual  loss — not 
so  considerable  a  loss  as  they  would  sustain  if  exposed  to  the 
action  of  heavier  breakers  than  now  reach  them,  even  to  such  as 
now  batter  and  wear  away  similar  rocks  near  Lyme  Regis  and 
Sidmouth,  but  sufficient  to  become  well  marked. 

It  will  be  readily  supposed  that,  upon  so  considerable  a  line  of 
coast  as  this  district  affords,  numerous  opportunities  of  observing 
its  relative  destruction  by  breakers  according  to  the  dip  of  the 
stratified  rocks  are  afforded,  some  comparatively  hard  beds  being 
worn  away  when  their  line  of  strike  is  cut  by  the  coast,  while 
softer  strata  are  less  abraded  when  their  dip  or  lamination,  in 
the  case  of  schistose  rocks,  is  seaward  at  right  angles  wuth  the 
shore.  The  coast  from  Hartland  Point  to  Boscastle  may  be  ad- 
duced as  a  good  example  of  the  destruction  of  rocks  when  the 
edges  of  their  beds  are  exposed,  as  may  also  that  extending  from 
TrcTOse  Head  to  New  Quay.  No  long  line  of  coast  can  be 
brought  forward  as  an  instance  of  the  comparative  preservation  of 
stratified  beds  in  consequence  of  their  dip,  but  it  can  be  partially 
observed  in  several  places,  as  at  North  Hill,  near  Minehead ;  at 
the  Foreland,  near  Linton ;  in  much  of  the  coast  between  the 
Zoze  Point,  Falmouth,  and  the  Dodman  Head ;  from  the  Rame 
Head  to  Penlee  Point,  Plymouth  Sound;  in  several  parts  of  the 
coast  from  Plymouth  Sound  to  the  Avon  Mouth  ;  at  the  mouth  of 
the  Dart,  &c. 

The  minor  effects  of  the  breakers  are  easily  seen  on  every  part 
of  the  coast,  the  harder  rocks  resisting  their  action,  while  the  softer 
are  worn  into  caves,  creeks,  and  coves  of  every  variety  of  form. 
Many  of  these  coves  afford  shelter  to  the  fisherman,  and  without 
them    his  occupation   could   not  be  carried  on.     The  annexed 
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Fig.  82. 


is  a  sketch  of  Polventon  Bay,  or  Cove,  on  the  east  of  Trevose 
Head,  formerly  well  known  as  a  smuggling  place,  and  now  often 
visited  by  vessels  waiting  for  the  tide  into  Padstow  Harbour. 
From  the  action  of  the  breakers  the  slate,  a,  has  been  so  worn 
away  from  the  line  of  greenstone,  6,  that  the  latter  forms  a  natural 
pier  named  the  Merope  Rocks,  aflfording  shelter  from  the  north- 
west winds*.  This  bay,  or  cove,  may  be  taken  as  a  good  example 
of  a  natural  harbour  scooped  out  in  a  great  measure  by  the 
breakers,  for  no  trace  of  valley  opens  upon  it,  as  frequently 
happens  with  the  small  harbours  on  this  coast 

The  sea,  by  its  action  upon  rocks  of  unequal  hardness,  and  the 
fall  of  some  compact  portions  of  them,  or  of  large  indurated 
nodules  contained  within  them,  often  raises  a  barrier  against  itself, 
and  the  lower  portions  of  cliffs  become  protected  for  a  time,  be- 
yond that  they  would  otherwise  remain  firm,  even  in  some  cases 
producing  points  of  land  composed  of  these  blocks  or  more  in- 
durated masses  of  rock.f  The  force  of  the  waves  falling  on  the 
coast  between  Lyme  Regis  and  Axmouth  is  in  this  manner  con- 

*  It  would  appear  that  this  natural  harbour  mi|^ht  be  greatly  improved  at*  com* 
paraiively  moderate  cost,  as  the  line  of  greenstone,  part  of  which  now  forms  the 
Merope  Rocks,  continues  up  to  the  higher  ground  (c,  fig.  82)  of  Trevose  Head, 
whence  large  blocks  might  be  procured  and  sent  down  an  inclined  plane  to  the 
eastern  extremity  of  the  Merope  Rocks,  and  the  present  breakwater  be  extended  by 
these  means  to  the  amount  which  might  be  considered  desirable.  If  a  lighthouse 
were  erected  on  Trevose  Head,  one  much  wanted  by  the  trade  up  this  much  fre- 
quented and  dangerous  coast,  a  harbour  at  Polventon  would  be  still  more  desirable, 
particularly  as  there  is  scarcely  a  place  of  refuge  deserving  the  name  between  the 
Land's  End  and  Ilfracombe  during  a  heavy  north-west  gale. 

f  Indeed  it  may  be  said  on  this  head,  that  beaches  generally,  more  especially 
shingle-beaches,  are  only  the  harder  part  of  abraded  cliffs  reduced  to  somewhat 
smaller  dimensions. 
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siderably  broken  by  masses  of  indurated  green  sand,  known  as 
''cow-stones/'  strewed  over  the  shore>  notwithstanding  that  so 
many  of  them  have  been  broken  to  pieces  or  removed  entire  for 
economic  purposes.  Large  portions  of  chert,  derived  from  the 
green  sand  also^  assist  in  protecting  this  coast. 

Hard  blocks  of  conglomerate  in  the  same  manner  protect  parts 
of  the  coast  composed  of  the  red  sandstone  series,  as  between 
Dawlisb  and  Teignmouth,  and  between  the  latter  place  and  Babba- 
combe.  Where  a  mixture  of  hard  sandstones  and  softer  slates 
preTails  on  the  coasts  composed  of  the  grauwacke  and  carbona- 
ceous series,  as  is  observable  in  many  places,  the  same  protection 
will  be  seen  afforded  by  fallen  blocks,  as  also  where  hard  green- 
stones or  elvans  may  be  mingled  with  the  slates. 

Having  thus  briefly  adverted  to  the  destructive  action  of  the 
breakers  on  this  coast,  we  should  notice  the  protection  afforded  by 
the  common  beaches  thrown  up  in  front  of  low  lands.  This,  in  the 
case  of  shingle,  and  partly  also  in  that  of  sand,  is  accomplished  by 
the  breaker,  after  having  been  charged  with  the  one  or  other  when  in 
full  motion,  losing  the  power  to  remove  from  the  coast  the  detritus 
which  it  has  thrown  upon  it ;  for  it  can  then  no  longer  keep  a  large 
portion  mechanically  suspended  in  consequence  of  the  diminished 
velocity  produced  by  its  fall  upon  places  where  there  is  no  re- 
bound, but  where  its  force  is  nearly  destroyed.  The  retreat  of 
each  breaker,  as  is  well  known  by  the  grating  sound  then  pro- 
duced,  on  shingle-beaches  especially,  undoubtedly  again  withdraws 
much  shingle,  but  that  it  does  not  withdraw  so  much  as  it  has 
driven  or  carried  before  it  is  proved  by  the  fact  that  the  greatest 
beaches  are  always  piled  up  by  the  heaviest  breakers,  provided  no 
hard  cliff  be  reached  by  them  at  that  time  so  as  to  cause  a  re- 
bound. Shingles  are  also  driven  forward  by  blows  from  pebbles 
thrown  against  them  by  breakers.  Though  the  same  circum- 
stances attend  the  breaking  of  waves  on  a  sandy  beach,  the  effect 
produced  would  be  comparatively  limited,  inasmuch  as  such  fine 
detritus  is  more  readily  again  withdrawn  by  the  retreat  of  a 
breaker,  if  the  wind  driving  on  shore  did  not  assist  the  process  of 
aecomulation,  so  that  eventually  sand-hills  on  a  coast  rise  higher 
than  shingle-beaches.  Sandy  coasts  are  generally  dry  at  low 
water  for  considerable  distances  seaward,  hence,  during  gales  of 
wind  on  shore,  the  surface  often  becomes  dried,  and  the  particles 
of  sand  are  driven  forcibly  inland,  where  they  accumulate  into 
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low  hills,  taking  forms  resembling  those  seen  in  a  great  snow-drift 
During  more  moderate  weather  also  and  neap-tides,  much  sand 
is  blown  on  shore  from  the  dried  surface  existing  between  the 
spring  and  neap-tide  levels.  If  these  sand-hills  are  not  retained 
by  vegetation,  they  continue  to  advance  inland  and  desolate  the 
adjoining  land. 

Commencing  on  the  north  we  find  sandy  beaches  accumulated 
before  the  low  land  between  Middle  Hope  Hill  and  the  River 
Parret,  mixed  here  and  there  with  some  shingles.  With  the  vici- 
nity of  the  lias  on  the  west  of  Stert  Flats  we  obtain  a  shingle- 
beach  composed  chiefly  of  pebbles  derived  from  it,  and  protecting 
the  flat  lands  near  Stolford  from  the  ravages  of  the  breakers  they 
would  otherwise  suffer.  In  like  manner  we  see  the  low  lands  near 
M inehead  and  Porlock  defended  by  great  shingle-beaches  com- 
posed of  rounded  fragments,  occasionally  large,  of  the  hard 
grauwacke  and  other  rocks  of  the  vicinity ;  two  or  three  lines  are 
accumulated  in  front  of  each  other  on  the  shore  of  part  of  the 
Warren,  while  part  of  the  Minehead  beach  extends  from  the  har- 
bour to  Greenaley  Point,  defending  the  cliff  from  the  action  of 
the  breakers.  In  Morte  Bay  there  is  a  good  example  of  sand 
blown  against  high  land  in  consequence  of  the  drift  during  west- 
erly winds  from  the  Woolacombe  sands.  For  about  half  a  mile 
under  Pickwell  Down  these  sands  appear  to  be  accumulated 
against  an  old  cliff,  washed  probably  by  the  sea  betbre  the  neigh- 
bouring beaches  near  Middleborough  and  Saunton  Court  were 
raised. 

An  excellent  opportunity  is  afforded  for  the  study  of  sand-hills 
and  their  manner  of  accumulation  for  about  three  miles  in  front  of 
Braunton  Burrows,  and  a  fine  shingle  beach,  often  composed  of 
large  rounded  stones,  the  rolled  fragments  of  the  hard  sandstones 
of  the  adjacent  carbonaceous  series,  extends  on  the  seaward  side 
of  Northam  Burrows,  on  the  southern  side  of  the  united  em- 
bouchures of  the  Taw  and  Torridge.  Much  sand  is  still  blown 
upon  the  hills  from  the  present  coast  in  Padstow  Harbour,  in 
Constantine  Bay,  at  the  mouth  of  the  Ganel,  in  Perran  Bay,  in  St. 
Ives  Bay,  and  at  WTiitesand  Bay,  near  the  Land's  End,  though 
the  greater  part  of  the  accumulations  of  sand  visible  at  these 
places  appears  to  have  been  effected  when  the  sea  was  at  a  higher 
level  relatively  to  the  land  of  this  coast  than  it  now  is.  The  sands 
at  present  drifted  into  these  localities,  and  into  many  minor  bays 
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and  coves  on  the  line  of  coast  extending  from  Hartland  Point  to 
the  Land's  End,  are  remarkable  for  being  chiefly  composed  of 
commiDuted  sea-shells,  and  do  not  differ  from  the  accumulations 
which  had  previously  taken  place,  prior  to  the  rise  of  the  land  to 
its  present  relative  level  with  the  sea,  as  previously  noticed  (p.  426). 
A  large  proportion  of  these  shells  would  appear  to  have  been 
those  of  mussels,  multitudes  of  which  are  now  attached  to  the 
rocks  of  the  coast  in  numerous  localities.*  Vast  quantities  of 
land-shells  are  often  scattered  over  the  sandy  dunes,  and  of  ne- 
cessity no  inconsiderable  number  are  embedded  in  them. 

The  drift  of  these  sands  inland  has  overwhelmed  many  build- 
ings, some  of  which  by  their  continued  movement  have  again 
appeared ;  and  it  is  worthy  of  note  how  soon  a  small  spot,  bared 
by  accidental  circumstances,  may  eventually,  by  the  extension  of 
the  bared  surface,  cause  a  new  drift.  The  old  church  at  Perran- 
zabuloe  is  among  the  more  remarkable  of  the  ancient  buildings 
which  have  been  found. 

The  manner  in  which  running  streams  of  water  arrest  the  pro- 
gress of  the  sand-drift  is  well  shown  in  many  places  in  Cornwall, 
and  while  watching  the  progress  of  a  drift  it  is  curious  to  observe 
hoir  small  a  rivulet  will  produce  this  effect  By  reference  to  the 
Ordnance  Geological  maps,  it  will  be  observed  that  the  sands 
rising  over  the  land  behind  Holy  Well  Bay,  near  Crantock,  are 
suddenly  cut  off  by  the  streamlet  near  Tregoe,  while  the  Perran 
sands  are  bounded  by  a  stream  for  nearly  two  miles  between 

*  There  has  long  existed  a  popular  belief  that  thegreat  sandy  accumnlations  of 
Cornwall  and  Devon  were  produced  by  the  breaking  up,  as  it  is  termed,  of  some  great 
land-bank  in  the  Atlantic,  the  component  parts  of  which  were  driven  upon  these 
coasti.  Independently  of  the  extraordinary  physical  conditions  necessary  to  pro- 
duce this  effect,  we  must  observe  that,  under  the  general  conditions  of  these  coasts, 
lud  could  scarcely  he  otherwise  than  accumulated  precisely  in  those  places  where 
««  nuw  tee  them  accumulated  and  accumulating,  both  when  the  relative  levels  of 
let  and  land  existed  as  they  must  have  done  prior  to  the  alteration  which  raised  the 
^*eacbe»  we  so  constantly  find,  and  at  present.  An  appeal  has  been  sometimes 
nade  to  a  record  of  this  supposed  inundation  of  sand  in  the  twelfth  century.  That 
*  record  may  have  existed  of  some  great  movement  among  them  by  a  combination 
cf  extraordinary  circumstances,  is  very  probable ;  but  that  these  sands  were  gra- 
dually accumulated  as  we  now  see,  there  appears  no  reasonable  doubt,  more  particu- 
larly when  we  study  their  structure,  in  which  traces  of  old  vegetable  surfaces  may 
sometimes  be  traced,  marking  successive  periods  when  the  plants  common  to  such 
^  could  grow.  Other  traces  of  distinct  deposits,  as  has  been  noticed  by  Mr. 
^ane  (Trans.  GeoL  Soc.  of  Cornwall,  vol.  Hi.  p.  146),  are  sometimes  seen  in  the 
Qus  of  these  sands. 
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Treamble  and  Holy  Well  Bay.  We  were  informed  that,  from 
inattention  to  this  circumstance,  much  land  became  covered  by 
the  drift  from  the  Perran  sands  in  consequence  of  a  small  stream 
near  Gear  having  been  covered  by  mining  operations.  Generally 
speaking,  the  chief  sand-drift  does  not  rise  more  than  a  few 
inches  above  the  ground,  the  same  grains  rarely  remainiDg  sus- 
pended in  the  air  beyond  a  short  time ;  hence  its  progress  is  sood 
arrested  by  a  streamlet  sufficient  to  carry  forward  the  sand  blomi 
upon  its  surface  or  against  its  margin. 

At  the  bottom  of  every  bay,  creek,  or  cove  on  the  coast,  beaches 
are  piled  up  by  the  breakers,  sands  being  accumulated  near  the 
mouths  of  some  rivers,  such  as  near  Barnstaple,  Teignmouth. 
and  Exmouth.  These  beaches  travel  in  the  direction  of  the  pre- 
valent breakers,  or  at  least  those  which  collectively  strike  the 
coast  with  the  greatest  average  force.  Although  breakers  appear 
to  strike  the  coast  in  lines  parallel  to  the  shore,  attentive  obser- 
vation will  show  that  they  rarely  do  so,  except  in  deep  bays  or 
coves,  unless  the  wind  drives  right  upon  it  It  will  be  seen  upon 
the  more  open  shores  that  the  pebbles  or  sand  are  struck  som^ 
what  diagonally  when  the  wind  at  the  time  also  blows  diagonally 
upon  it  Abundant  evidence  of  this  fact  will«be  observed  upon 
the  shores  of  this  district,  the  best  cases  to  adduce  being  the 
lines  or  tongues  of  beach  extending  at  the  mouths  of  some  rivers. 

The  mouths  of  all  the  valleys  would  be  blocked  up  by  beaches 
from  the  piling  action  of  the  breakers,  if  the  streams  or  rivers 
descending  down  them  were  unable  to  keep  a  passage  clear  for 
the  discharge  of  their  waters  into  the  sea.  At  the  bottom  of  a  large 
proportion  of  the  creeks  and  coves  the  piling  action  of  the  breakers 
is  sufficient  to  accumulate  a  permanent  beach,  and  the  drainage 
waters  of  the  valleys,  so  blocked  up  at  their  mouths,  escape  by 
percolation,  floods  even  being  insufficient  in  some  cases  to  break 
through  the  barrier  of  shingle.  These  cases  are  so  numerous  that 
it  will  be  quite  useless  to  notice  the  localities  where  they  may  be 
observed.  Between  them  and  those  where,  from  the  sea-level 
cutting  the  valleys,  comparatively  deep  water  prevails  at  the 
mouths  of  the  rivers  or  estuaries,  as  at  Falmouth  Harbour, 
Fowey  Harbour,  Plymouth,  and  Dartmouth,  every  variety  is 
observable.  At  the  Looe  Pool,  near  Helston,  we  find  a  consider- 
able body  of  fresh  water  ponded  back  by  a  beach  which  the  heavy 
breakers  falling  on  this  coast — and  it  is  one  well  exposed  to  the 
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Atlantic — have  piled  up.  Under  ordinary  circumstances  the  eva- 
poration from  this  lake^  and  the  percolation  through  the  beach,  are 
sufficient  to  carry  off  the  drainage  waters  discharged  into  it ;  but 
during  winter  these  means  are  incapable  of  removing  the  surplus 
waters  which  then  accumulate,  and  a  natural  .breach  would  be 
effected  through  the  shingle  barrier,  if  from  old  custom  the  lord 
of  the  manor  did  not  cut  an  artificial  channel  for  tlie  discharge  of 
the  waters  when  they  rose  to  a  certain  height,  so  as  to  reach  the 
town  of  Helston.  If  this  coast  were  not  exposed  to  such  powerbl 
breakers,  and  the  curve  of  the  shore  did  not  permit  the  collection 
of  a  beach,  it  is  not  improbable  that  the  back-water  of  the  ebb-tide, 
joined  to  the  stream  flowing  down  from  the  granite  district  inland, 
would  be  able  to  keep  the  mouth  of  the  valley  open,  so  as  to  form 
an  estuary*harbour. 

Another  fresh-water  lake  produced  by  a  beach  piled  up  by  the 
breakers^  in  a  position  where  the  shingles  cannot  travel  so  as  to 
escape  out  of  a  bay,  and  where  the  coast  is  well  exposed  to  a  long 
range  of  sea,  though  inconsiderable  when  compared  with  that  in 
front  of  the  Looe  Pool,  occurs  at  Slapton  in  Start  Bay.  Here 
the  power  of  the  drainage  waters  down  the  three  small  valleys,  in 
front  of  which  ^he  beach  has  been  accumulated,  is  insignificant, 
compared  with  the  piling  power  of  the  breakers,  though  the  coast 
fiices  the  eastward.  A  continuation  of  the  beach  even  separates 
the  cliffs  behind  Beeson  and  Hall  Sands  from  the  destructive 
action  of  the  sea,  a  circumstance  which  may,  however,  partly 
arise  from  tlie  elevation  of  this  coast  when  the  old  beaches  in  Tor 
Bay  and  Plymouth  were  raised.  Near  Falmouth  there  is  another 
instance,  in  the  Swan  Pool,  of  a  body  of  fresh  water  ponded  back 
by  a  beach  piled  up  in  front  of  a  valley. 

At  Teignmouth  and  Exmouth  we  have  examples  of  tongues  of 
beach  drifted  in  opposite  directions  in  consequence  of  the  different 
prevalence  of  the  breakers  to  which  they  are  exposed,  the  beaches 
in  each  case  struggling  to  close  the  mouth  of  the  valleys,  as  is 
done  at  the  Liooe  Pool ;  but  in  both  these  cases,  the  rivers  being 
comparatively  large,  their  waters  are  enabled  to  overpower  the 
piling  action  of  the  breakers  and  keep  open  shallow  tidal  estuaries. 

At  Teignmouth  little  or  no  beach  is  derived  from  the  rocks 
to  the  southward,  and  the  river-mouth  is  sheltered  from  the 
southerly  and  south-west  winds.  It  is  open,  however,  to  the 
wimlB  and  consequent  breakers  from  the  eastward  and  north- 
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east ;  hence,  the  chief  drift  from  prevalent  breakers  is  from  the 
northward,  and  a  tongue  of  sand  is  the  consequence,  stretching 
to  the  southward,  which  would  bar  up  the  river  if  the  latter  did 
not  escape  by  running  against  the  solid  land  on  the  south  and 
keep  a  channel  open  between  the  tongue  of  sand  named  the  Den 
and  the  Ness  Point.  From  the  trend  of  the  coast  the  mouth  of 
the  Exe  is  open  to  the  south-west,  and  is  sheltered  from  the  north- 
east by  Westdown  Head ;  consequently  it  is  open  to  the  drift  from 
the  southward,  the  shelter  afforded  by  the  Tor  Bay  headlands  not 
extending  to  it ;  hence,  the  beach  accumulates  from  the  south- 
ward, forming  the  Warren  Sands,  and  the  Exe  escapes  by  flowing 
against  the  Exmouth  or  north-eastern  shore. 

At  the  mouth  of  the  Axe,  the  prevalent  breakers  causing  the 
beach  to  travel  from  west  to  east,  the  river  escapes  by  flowing 
close  to  the  eastern  land.  At  Erme  mouth  the  river  runs  to  the 
sea  by  flowing  against  the  south-eastern  cliffs,  the  prevaknt 
breakers  piling  up  the  beach  in  a  tongue  joining  the  north-west 
shore.  At  the  united  embouchures  of  the  Taw  and  Torridge 
conflicting  forces,  would  appear  to  be  brought  into  operation,  the 
sands  of  Braunton  Burrows  trending  to  the  southward,  and  the 
shingle  beach  of  Northam  Burrows  stretching  tortile  northwari 
Situated  as  tliis  coast  is,  the  beach  may  be  regarded  as  piled  up 
against  the  bottom  of  a  bay  upon  which  the  prevalent  breakers 
directly  act,  so  that  the  effect  produced  would  be  similar  to  that 
seen  at  the  bottom  of  Start  Bay  if  the  discharge  of  the  waters  of 
two  considerable  rivers  did  not  keep  a  channel  open.  As,  how- 
ever, the  united  waters  of  the  Taw  and  Torridge  escape  by  keep- 
ing close  to  Appledore  Point,  though  they  are  afterwards  turned 
by  the  beach  of  Northam  Burrows,  the  chief  drifting  force 
may  be  regarded  as  from  the  northward,  to  which  indeed  Barn- 
staple Bay  is  most  open,  the  coast  extending  to  Hartland  Point 
sheltering  it  from  the  southward ;  thus  the  preponderating  piling 
force  of  breakers  would  be  from  the  former  quarter,  drifting  the 
sands  of  Braunton  Burrows  against  Appledore  Point.  The  form 
of  the  embouchure  of  the  Parret  is  no  doubt  much  influenced  by 
the  strong  tides  in  the  Bristol  Channel  and  the  fine  character  of 
the  sedimentary  matter  drifted.  Where  however  anything  like 
a  beach  has  accumulated  the  drift  has  been  in  the  direction  of  the 
prevalent  breakers,  from  the  westward,  and  the  Stert  Point  has 
been  the  result.     From  the   piling  influence   of  the   prevalent 


Digitized  by  VjOOQIC 


EFFECTS  OF  ATMOSPHERIC  INFLUENCES.  449 

breakers,  the  Ax  cannot  escape  upon  the  Berrow  Flats,  but 
is  compelled  to  do  so  between  Brean  Down  and  Uphill;  the 
former,  from  its  position^  affording  the  mouth  of  the  river  sufficient 
shelter. 

Effects  of  Atmospheric  Influences. 

With  respect  to  decomposition  there  is  scarcely  a  mass  suffi- 
ciently extensive  to  deserve  the  name  of  rock  which  does  not  ex- 
hibit some  traces  of  it.  In  some  rocks  it  has  extended  to  the  depth 
of  many  feet,  while  in  others  slight  portions  only  would  appear  to 
have  been  decayed  through  atmospheric  influences.  In  numerous 
situations  tors  or  cams,  as  hard  bare  projecting  portions  of  them 
are  respectively  termed  in  Devon  and  Cornwall,  afford  a  kind  of 
rough  measure  of  the  decomposition  of  rocks  surrounding  them, 
not  that  many  masses,  as  in  the  case  of  the  trappean  rocks,  elvans 
and  granites>  may  not  have  originally  presented  very  uneven  sur- 
faces j  on  the  contrary,  many  of  these  igneous  products  probably 
presented  such  surfaces  at  first,  but  when  we  carefully  examine 
these  tors  or  cams,  we  almost  always  find  them  composed  of  mi- 
neral matter,  hanler  or  less  inclined  to  decompose  than  that  by 
which  they  are  surrounded. 

Hiese  numerous  tors  or  cams,  so  common  in  the  granitic  dis- 
tricts, more  especially  on  Dartmoor,  would  appear  to  afford  evi- 
dence of  a  considerable  decomposition,  from  atmospheric  influences^ 
of  the  surfaces  of  the  masses  above  which  they  rise,  every  allow- 
ance being  made  for  the  inequality  of  such  surfaces,  either  original 
or  produced  by  aqueous  action  on  the  large  scale.  The  schorla- 
ceous  parts  of  the  granitic  districts  very  frequently  show  consi- 
derable power  to  resist  decomposition.  The  schorlaceous  out- 
skirts of  the  Hensborough  granitic  mass  will  illustrate  this  cir- 
cumstance. We  there  have  Koche  Rock,  Calyquoiter  Rock,  Watch 
Beacon,  St.  Mewans,  and  some  other  cams  standing  out  in  relief. 
The  sketch  of  the  former,  plate  \2,  fig.  2,  taken  from  the  south- 
west, will  show  the  unequal  decomposition  to  which  this  rock 
has  been  subjected,  along  the  line  in  which  it  cuts  through  the 
^joining  grauwacke. 

Much  has  been  said  respecting  the  concretionary  arrangement 
in  granite  supposed  to  be  shown  by  its  decomposition  in  the  tors 
^nd  cams  above  noticed,  as  also  in  the  loose  blocks  so  frequently 

2g 


Digitized  by  VjOOQIC 


450  EFFECTS  OF  ATMOSPHERIC  INFLUENCES. 

dispersed  over  many  parts  of  the  granitic  districts.    After  much 
attention  to  this  subject,  we  are  far  from  perceiving  good  evideooe 
in  favour  of  this  opinion.    The  granites  are  separated  by  din- 
sional  planes,  as  previously  stated  (p.  164),  into  cuboidal  or  pris- 
matic bodies,  and  the  decomposition  upon  the  faces  of  these 
bodies,  when  the  blocks  are  detached,  and  the  superior  facility  for 
disintegration  afforded  by  the  corners  would  appear  to  us  suffi- 
cient to  produce  the  rounded  character  we  often  observe  them  to 
possess.     A  close  examination  of  the  tors  or  cams  themselves 
seems  also  to  bear  out  this  view,  for  the  natural  blocks  composing 
them  would  appear  no  more  to  disintegrate  into  spheroidal  bodies, 
than  blocks  of  common  sandstone  taken  from  among  ordinary 
stratified  rocks  and  similarly  exposed  to  atmospheric  influences. 
We  have  nowhere  been  able  to  trace  that  arrangement  of  parts  so 
easily  seen  in  the  decomposing  concretions  of  the  trappean  rocks 
of  Ashton,  on  the  north  of  Chudleigh,  of  Hen  Point,  near  Saltash 
(figs.  5  &  6,  p.  63),  and  of  some  other  places.     The  stain  of 
oxide  of  iron  which  is  sometimes  pointed  out  as  evidence  of  this 
concretionary  arrangement  of  parts,  and  which  frequently  coin> 
cides  in  depth  with  the  bounding  surfaces,  for  the  timebeiogi  of  a 
granite  block,  is  no  more  than  the  stain  of  a  similar  kind  often 
seen  in  fragments,  angular  as  well  as  rounded,  of  numerous  other 
rocks,  such  as  sandstones  and  limestones,  in  which,  from  the 
angular  character  of  the  stain,  the  latter  is  clearly  seen  to  be  the 
result  of  weathering  according  to  the  form  of  the  surfaces  ex- 
posed. 

It  is  far  from  improbable  that  a  tendency  to  a  concr^onaiy 
arrangement  of  parts  may  exist  in  the  granite,  and,  as  we  hafe 
elsewhere  stated,*  sections  between  Okehampton  and  Moreton- 
Hampstead,  by  the  road  side,  might  lead  us  to  suppose  that 
hard  rounded  portions  of  that  rock  still  remained,  in  consequence 
of  this  arrangement  of  parts,  surrounded  by  decomposed  portions 
of  the  same  granite.  A  tendency  to  concretionary  arrangement 
would  sometimes  also  appear  to  exist  in  the  elvans,  as  is  more 
particularly  ^own  in  the  granitic  elvan  which,  with  a  north  and 
south  course,  cuts  through  the  grauwacke  in  Watergate  Bay  (fig. 
22,  p,  179).  After  much  careful  examination  we  are,  neverthe- 
less, inclined  to  refer  the  rounded  character  of  a  large  proportion 

*  Huw  to  observe.    Geology,  ArL  Ottgradation  of  Rocks. 
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of  the  blocks,  either  scattered  over  the  surface,  or  still  existing  in 
the  tors  of  the  granitic  districts,  more  to  the  decomposition  of 
surfaces  produced  by  divisional  planes  than  to  any  other  cause, 
for  considerable  quantities  of  these  blocks  are  far  from  possessing 
a  form  which  we  could  suppose  the  result  of  disintegration  in  con- 
ceatric  laminaB. 

The  following  sketch  (fig.  83)  of  the  rock  known  as  the  Giant's 
Punch  Bowl,  in  St.  Agnes,  one  of  the  Scilly  Islands,  will  pro- 
Fig.  83. 


bably  exhibit  the  irregular  decomposition  of  two  blocks  of  granite 
piled  upon  each  other  as  well  as  any  we  could  select.  The 
upper  block  has  externally  a  somewhat  rounded  character,  such 
as  has  been  supposed  to  arise  from  the  decomposition  of  an  ori- 
ginal and  concretional  structure  of  the  component  parts,  while  the 
lower  exhibits  a  form  as  irregular  as  can  be  well  desired>  being 
decomposed  in  a  knotch  on  one  side,  and  projecting  out  in  an 
angular  manner  on  the  other.  The  highest  block  is  decomposed 
on  the  upper  surface,  so  that  one  of  those  cavities,  commonly 
termed  rock  basins,  and  supposed  formerly  to  have  been  the 
work  of  the  Druids,  is  produced,  extending  even  through  the 
upper  block  to  the  division  between  it  and  the  lower.  There 
seems  little  reason  to  doubt,  however  isolated  these  blocks  may 
Qow  be,  that  they  are  the  remaining  portions  of  granite,  similar 
to  that  on  which  they  stand,  that  have  resisted  decomposition 
better  than  those  which  surrounded  them,  tjie  latter  having,  by 
degrees,  been  disintegrated  and  removed. 
Rock  basins  are  so  common  in  all  the  chief  granitic  districts, 
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that  it  is  difficult  to  find  any  number  of  tors  or  earns  on  which 
some  traces  of  the  kind  of  decomposition  thus  termed  may  not  be 
found.  On  Cambrea,  near  Redruth,  it  may  be  readily  traced  in 
its  various   stages.     The  largest  cavities  thus   formed  in  any 

Fig:,  84. 


number  near  each  other  which  we  have  seen,  are  those  repre- 
sented in  the  annexed  sketch  (fig.  84),  named  the  Kettle  and 
Pans,  on  St.  Mary's,  Scilly.*  Though  we  may  regard  these 
basins  as  natural  productions,  due  to  atmospheric  influences,  and 
therefore  not  the  work  of  the  Druids,  it  does  not  follow  that  the 
latter  may  not  have  made  use  of  a  few  which  may  have  been 
properly  situated  for  their  purposes,  even  giving  a  more  artificial 
form  to  some,  should  they  have  required  similar  basins  at  all. 

With  regard  to  the  decomposition  of  granite,  that  from  which 
china-clay  is  made  in  the  vicinity  of  St.  Austell,  and  that  on  the 
southern  side  of  Tregoning  Hill,  near  Breague,  are  the  most  com- 
plete in  the  district  Granitic  gravel,  if  such  it  can  be  termed, 
resulting  solely  from  the  disintegration  of  granite  in  place,  is  so 
common  in  many  localities  that  it  would  be  useless  to  specify 
any.  Often  in  road  sections  we  perceive  it  thus  disintegrated  to 
the  depth  of  many  feet,  in  some  places  intermingled  with  hard 
granite  that  rises  among  the  disintegrated  parts,  thus  showing 
the  unequal  manner  in  which  the  whole  has  resisted  decomposi- 

•  Dr.  M'CuUoch  has  sugpested  that  the  friction  of  the  quartz  and  felspar  firtf;- 
ments,  not  nnfrequently  found  in  rock  hasins,  may  have  contributed  to  deepen  their. 
As  we  have  often  observed  these  fragments  in  motion  during  high  winds,  both 
when  the  basins  were  dry  or  a  small  quantity  of  water  in  them,  we  are  inclined  to 
believe  that  this  may  be  the  case. 
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tion.  This  decomposition  is,  as  may  be  readily  supposed,  almost 
entirely  due  to  the  disintegration  of  the  felspar.  In  some  cases 
when  the  granite  is  porphyritic,  that  is,  when  it  contains  dissemi- 
nated crystals  of  felspar,  such  crystals  remain  undecomposed  in 
their  places  among  the  disintegrated  granite,  and  may  be  col- 
lected in  great  numbers.  This  may  be  well  seen  near  Moreton 
Hampstead,  especially  on  the  descent  from  that  town  on  the  high 
road  to  Exeter.     In  many  other  places  it  also  occurs. 

The  elvan  dykes  exhibit  even  more  variation  as  to  decomposi- 
tion than  the  granites,  while  some  are  merely  split  into  frag- 
ments, varying  from  large  to  small,  others  are  reduced  to  a  coarse 
sand,  and  even  clay.  These  variations  may  be  observed  not  only 
in  the  course  of  the  same  elvan  dyke,  as  may  be  readily  expected, 
but  even  in  its  breadth,  the  central  and  more  crystalline  parts 
being  far  more  decomposed  than  the  external  portions,  which 
have  remained  compact  from  the  causes  previously  assigned 
(p.  185).  Many  dykes  might  be  adduced  as  instances  of  this  fact. 
In  many  parts  of  the  course  of  the  great  north  and  south  elvan, 
between  Watergate  Bay  and  Mitchell,  it  can  be  well  seen.  The 
decomposition  of  many  el  vans  so  that  their  upper  surfaces  re- 
semble coarse  sand  or  gravel  is  also  common ;  several  in  Gwennap 
are  tlius  disintegrated  in  parts,  as  also  near  Marazion  and  St. 
Austell.  Good  examples  of  clayey  elvans  are  seen  at  Penlane  * 
(S.E.  from  St.  Columb  Minor),  between  Lancorlar  and  St.  Wenn, 
on  the  south  of  Castle  an  Dinas  (near  St.  Columb  Major),  and  on 
KiUiganoon  Downs  on  the  south  of  Truro.  As  in  granite,  the 
disintegration  of  the  elvans  is  chiefly  due  to  the  variable  decompo- 
sition of  the  felspar. 

As  regards  decomposition,  the  trappean  rocks  of  the  district 
are  in  very  variable  conditions.  While  some  are  reduced  to  a 
soft  friable  state,  others  rise  in  tors  above  the  surrounding  laud, 
hard  and  solid,  as  if  they  had  suftered  little  during  ages  of  expo- 
sure to  atmospheric  influences.  The  trappean  rocks  which  skirt  the 
granitic  districts,  and  which  appear  to  have  been  altered  (p.  268) 

*  Small  quart!  crystals,  in  hezag^onal  pyramids,  base  to  base,  may  be  obtained  in 
multitudes  from  this  elvan,  by  separatint;  them  from  the  clay.  In  like  manner  numer- 
ous crystals  of  pinite  may  be  collected  from  the  decomposed  elvan  which  crosses 
the  tumpike-road  between  St.  Austell  and  Grampound,  near  Treloweth.  In  this 
also  there  are  crystals  of  quaitz  of  the  kind  above  noticed  ;  indeed  such  are  not  un- 
commonly found  in  the  clayey  elvans.  Crystals  of  felspar  are  more  rarely  obtained, 
separated  by  decomposition,  in  the  elvans;  they  are,  however,  here  and  there  seen. 
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by  exposure  to  long  continued  beat  from  the  adjoining  granite, 
are  generally  hard  and  little  liable  to  decomposition,  at  least  to 
decomposition  appreciable  in  a  few  centuries.  As  examples  of 
this  &ct^  we  may  adduce  Co(k*s  Tor,  Smear  Ridge,  and  Whit 
Tor,  near  Tavistock,  Sourton  Tor,  and  other  gre«istone  heights 
near  CHcehampton,  Botter  Rocks,  near  Hennock,  and  the  trap- 
pean  tors  skirting  the  granite  of  Dartmoor,  near  Bridford  and 
Cristow;  Tolcam  Rocks,  near  North  Hill,  St.  Clear  Hill,  and 
Michaelstow  Beacon  skirting  the  granite  of  the  Brown  WiUy 
district;  the  greenstones  around  the  Land's  End  granite  near  St 
Ives,  St.  Just,  Penzance,  &c. 

The  trappean  rocks  are  in  many  places  partly  solid  and  partly 
decompose!^  the  disintegration  being  as  much  produced  by  the 
.  decomposition  of  the  hornblende  as  of  the  felspar  in  those  chiefly 
formed  of  these  two  minerals,  the  protoxide  of  iron  becoming  a 
peroxide,  so  that  the  whole  presents  a  rusty  aspect  The  trap- 
pean rocks  which  have  been  vesicular,  and  into  the  vesicles  of 
which  carbonate  of  lime  and  other  substances  have  been  infiltrated, 
rendering  the  whole  a  solid  compact  mass,  are  often  decomposed, 
as  far  as  regards  the  contents  of  the  vesicles,  for  several  inches, 
leaving  the  vesicles  empty  or  fiUed  with  some  friable  substance, 
often  ochreous.  Examples  of  the  first  kind  are  by  no  means 
uncommon,  particularly  when  the  vesicular  trappean  rocks  are 
associated  with  beds  in  which  there  is  disseminated  calcareous 
matter.  Hence,  the  weathered  surfaces  of  some  of  these  vesicular 
trap-rocks  often  appear  like  varieties  of  recent  lavas  and  cinders. 
The  cinders  in  the  trappean  conglomerate  of  Brent  Tor,  near 
Tavistock,  though  found  to  contain  infiltrated  matter  inside, 
usually  appear  on  the  exterior  as  if  newly  ejected  and  embedded.^ 
Respecting  the  trappean  ash  associated  with  the  grauwacke  and 
carbonaceous  series,  it  is  not  easy  to  estimate  the  amount  of  de- 
composition it  may  have  suffered,  inasmuch  as  we  are  not  certain 
of  the  extent  to  which  it  may  have  been  consolidated.  It  often, 
however,  presents  a  very  rotten  and  decomposed  aspect,  as  may 
be  well  seen  in  the  vicinity  of  Milton  Abbot  and  other  places 
between  Tavistock  and  Tintagel. 

*  The  haxd  greeoitoDes  sometimes  exhibit  an  uaeveo  surface  upon  exposed  por- 
tions, showing  unequal  decomposing  action  on  it.  Where  veins  of  actinolite  trsfene 
them,  these  sometimes  stand  out  half  an  loch  or  more  in  relief,  examples  of  which 
are  no  unfrequent  in  the  greenstones  skirting  the  granite  of  the  Land**  End. 
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The  decomposition  of  the  grauwacke  series  is  as  variable  as 
the  mineralogieal  character  of  the  beds  of  which  it  is  composed. 
The  ?ery  hardest  sandstones  are^  as  at  the  Foreland,  near  Linton, 
intermingled  with  soft  shales  and  slates,  so  that  the  disintegration 
of  the  softer  parts  exposes  the  harder,  which  thus  often  separate 
into  small  angular  fragments,  and  are  removed  to  lower  levels  by 
atmospheric  influences.  The  northern  side  of  the  Foreland  is 
covered  with  fragments  thus  produced,  and  its  western  side  beau- 
tifblly  exhibits  the  unequal  resistance  of  the  component  parts  to 
decomposition  from  the  combined  action  of  the  sea  and  the  at- 
mosphere. According  to  the  variation  of  the  beds  from  compact 
sandst(»e  to  very  fine  shaly  slate,  and  the  nature  of  their  compo- 
nent  parts,  is  the  decomposition  of  their  surfaces  from  mere 
fragments  to  clay,  and  the  depth  to  which  they  are  disintegrated, 
the  slates  occasionally  showing  decomposition  for  20  feet. 

The  same  will  be  observed  with  the  carbonaceous  series.  In 
much  of  it,  however,  the  sandstones  having  an  argillaceous  cement, 
the  beds  decompose  into  a  yellowish  clay,  one  not  usually  seen 
on  the  surface  of  the  grauwacke  sandstones.  In  the  compact  lime- 
stones of  the  district  the  exposed  portions  of  the  beds  are  generally 
much  divided  into  fragments,  and  the  gradual  loss  of  surface  in 
exposed  cliffs,  as  well  inland  as  on  the  coast,  by  quiet  decomposi- 
tion, is  proved  by  the  harder  parts,  such  as  many  organic  remains, 
projecting  beyond  the  present  surface.  The  vicinity  of  Torquay 
affords  good  examples  of  this  kind  of  decomposition,  inconsequence 
of  which  delicate  fossil  bodies,  too  firmly  embedded  in  the  rocks 
to  be  otherwise  well  seen,  are  obtained  in  great  perfection. 

In  the  deep  cuttings  for  roads  near  Exeter,  and  on  the  coast 
fit>m  Babbacombe  to  Axmouth,  good  examples  are  seen  of  the 
unequal  decomposition  of  the  red  sandstone  series;  in  the  vicinity 
of  Dawlish  more  especially,  this  is  well  exhibited.  As  to  general 
surface,  according  as  the  subjacent  beds  are  conglomerates,  sand- 
stones or  marls,  so  is  it  for  variable  depths,  gravelly,  sandy,  or 
clayey.  From  the  argillaceous  character  of  the  lias,  much  clay 
is  not  uncommon  on  its  surface,  sprinkled  with  fragments  of  lime- 
stone in  the  lower  portions  where  beds  of  it  prevail.  So  friable  is 
the  green  sand  generally,  that  in  deep  cuttings  for  roads,  such  as 
between  Lyme  Regis  and  Charmouth,  and  in  some  other  places, 
where  inequalities  in  it  are  covered  by  gravel  and  clay,  the  latter 
are  left  projecting  beyond  the  surface  of  green  sand.     The  chalk 
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scales  off  wherever  it  is  exposed  to  the  weather,  and  the  flints  fall 
from  it.  In  this  district,  however,  neither  chalk  nor  green  sand 
are  much  exposed  to  the  decomposing  influences  of  the  at- 
mosphere, except  in  cliffs  or  in  artificial  sections^  a  covering  of 
clay  and  gravel,  which  we  have  above  referred  to  the  plastic  clay 
series,  protecting  both. 

From  this  decomposition  solutions  of  some  of  the  substances 
acted  upon  must  mingle  with  the  drainage  waters  of  the  district, 
and  pass  unobserved  into  the  adjoining  seas,  in  the  aggregate 
depriving  the  surface  of  the  land  of  much  solid  matter.  Some  of 
this  matter,  chiefly  carbonate  of  lime,  is  occasionally  deported 
before  it  reaches  the  coast ;  probably,  however,  the  amount  thus 
retained  within  the  boundaries  of  the  land,  even  under  favourable 
circumstances,  is  very  limited  compared  with  that  which  escapes, 
and  which  may  greatly  assist  in  furnishing  materials  for  the  nu- 
merous creatures  requiring  carbonate  of  lime  for  their  solid  parts  in 
the  neighbouring  seas,  many  rivers  conveying  it  to  situations  where 
calcium  is  Uttle  abundant,  except  as  a  chloride.  We  know  that  such 
a  thing  as  a  spring  of  pure  water  can  nowhere  be  obtained,  all 
being  more  or  less  impregnated  with  foreign  matter  in  solution. 
While  some  of  these  springs  may  rise  through  faults  irom  un- 
known depths,  and  bring  this  foreign  matter  with  them,  others 
are  certainly  formed  (such,  for  instance,  as  those  which  flow  from 
beneath  the  green  sand  of  the  Blackdowns,  and  other  places  where 
similar  conditions  prevail)  by  the  percolation  of  rain-water  through 
rocks,  until  thrown  out  by  beds  sufficiently  impervious. 

The  insoluble  portion  of  this  great  surface  decomposition  is 
removed  to  lower  levels  by  water  descending  to  them.  In  a  hilly 
country,  such  as  Cornwall,  Devon,  and  a  large  part  of  West 
Somerset,  the  descent  of  this  detritus  can  be  seen  to  be  taking  place 
in  all  directions,  more  particularly  during  hea\'y  rains.  Accord- 
ing to  the  quantity  of  water,  slope  of  ground,  and  other  necessary 
conditions,  will  it  be  seen  to  travel.  During  every  rain  over  the 
district  there  is  a  general  movement  of  the  particles  composing  a 
large  portion  of  its  surface  from  their  previous  places  to  lower 
levels.  The  amount  moved  may  be  comparatively  insignificant 
during  a  year  or  a  century,  but  the  cubic  contents  of  that  which 
descends  to  lower  ground,  during  the  lapse  of  a  great  geological 
period,  must  be  very  considerable.  True  it  is  that  when  we 
collect  the  foul  waters  of  a  flooded  river  and  examine  them,  we  are 
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frequently  surprised  at  the  small  quantity  of  sediment  thus  ob- 
tained in  a  cubic  foot  of  water,  even  when  they  appear  much 
coloured  by  it.  Few  persons,  however,  can  have  watched  the 
various  rivers  of  the  district  discharging  themselves  into  the  sea, 
without  perceiving  that,  collectively,  a  large  body  of  detritus  in 
roechaniod  suspension  is  annually  transferred  from  the  dry  land 
into  it.  If  we  even  suppose  that  every  square  mile  in  the  district 
merely  furnishes  upon  an  average  one  cubic  foot  of  fine  detritus 
daily  to  the  drainage  waters,  we  should  have  1,719,880  cubic  feet, 
or  taking  15  cubic  feet  to  the  ton,  114,660  tons  of  fine  sedi- 
mentary matter  annually  thrown  into  them,  independently  of 
gravels  of  various  size.* 

The  grass  lands  protect  the  subjacent  soil  from  removal,  but  in 
the  arable  fields  there  is  much  movement  of  surface  when  they 
are  situated  on  the  slopes  of  hills.  In  woods  the  surface  of  the 
ground  is  generally  liable  to  be  carried  away  by  the  water  run- 
ning through  them,  the  growth  of  grass  and  small  plants  being 
usually  scanty  in  such  places,  except,  indeed,  in  the  cases  where 
much  moss  prevails.  The  ditches  and  other  drainage  arrange- 
ments throw  a  greater  amount  of  water  into  the  valleys  than 
would  probably  take  place  during  a  given  time  under  a  given  fall 
of  rain  without  them,  and  that  they  are  the  means  of  conveying 
much  detritus  downwards  to  the  rivers,  the  necessity  of  frequently 
cleaning  them  proves;  but  as  a  large  portion  of  sedimentary 
matter  is  frequently  thus  caught  in  its  progress  and  again  thrown 
over  the  land.,  it  may  be  a  question  how  far  the  superior  aid  they 
afford  to  the  descent  of  detritus  may  not  be  compensated  by  the 
quantity  arrested  through  their  means,  and  again  conveyed  to  the 
high  grounds. 

Those  streams  only  which  have  short  and  comparatively  highly- 
inclined  beds,  carry  or  drive  forward  gravel  into  the  sea  adjoining 
this  district,  and  among  them  the  Lyne,  which  descends  rapidly 
with  a  course  of  about  eleven  miles  from  Exmoor  to  the  Bristol 
Channel  at  Lynmouth,  may  probably  be  cited  as  the  largest. 

*  We  may  here  observe,  that  the  common  process  of  estimating  the  matter  me* 
aUy  held  in  suspension  in  rivers,  by  evaporating  the  water  to  dryness  and 
;  the  result,  is  defective,  inasmuch  as  by  this  mode  of  operating  many  sub- 
(  in  solution,  such  for  instance  as  carbonate  of  lime,  may  be  thrown  down. 
Very  dear  waters,  if  there  be  sufficient  free  carbonic  acid,  may  contam  a  large  pro- 
purtion  of  carbonate  of  lime,  which  by  such  a  process  may  be  made  to  appear  as 
matter  which  had  been  mechanically  suspended  in  them. 
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As,  however,  the  number  of  those  streams  which  vary  in  length 
from  one  to  ten  miles,  amounts  to  about  118,  the  collectiire 
quantity  of  gravel  transported  by  their  agency  to  the  coast,  during 
floods,  may  be  more  considerable  than  at  first  sight  might  be 
suspected. 

In  the  larger  rivers  the  transport  of  gravel  b  usually  arrested 
in  the  higher  part  of  their  tidal  portions :  thus  the  Ax  and 
Parret  do  not  carry  or  propel  gravel  in  those  parts  of  their  courses 
which  come  within  our  district ;  the  Taw  ceases  to  do  so  for  some 
distance  above  Barnstaple  bridge,  and  the  like  may  be  said  of  the 
Torridge,  above  Bideford.  The  Camel  does  not  carry  or  propel 
gravel  for  some  distance  higher  than  Egloshayle,  and  the  Gaoel 
only  transports  mud  and  silt  beyond  Trevemper  Bridge.  At 
Hayle,  sand  and  mud  are  alone  discharged  by  the  river  into  the 
sea,  and  in  the  Helford  estuary  the  transport  of  gravel  ends  high 
up.  In  the  Falmouth  estuary^  gravels  are  alone  moved  at  the 
higher  parts  of  the  various  branches  from  it ;  even  in  the  line  of 
the  Fal,  gravels  do  not  appear  to  be  borne  or  propelled  by  floods 
beyond  Lamorran,  if  so  far.  The  Fowey  ceases  to  be  a  gravel- 
bearing  river  for  several  miles  from  its  mouth,  as  does  also  the 
Tamar  for  a  much  greater  distance ;  neither  the  Yealm,  the 
Erme^  nor  the  Avon,  transport  gravel  as  far  as  the  sea.  In  the 
Kingsbridge  estuary^  the  gravels  are  deposited  where  the  little 
streams  at  the  heads  of  its  branches  meet  the  tide,  and  the  gravek 
of  the  Dart,  the  Teign,  and  the  Exe,  are  arrested  far  up  these 
rivers. 

Although  accumulations  necessarily  take  place  in  various  parts 
of  rivers  where  diminished  velocity  in  the  transporting  waters  causes 
any  portion  of  the  detritus  they  held  in  mechanical  suspension  to 
be  thrown  down,  and  there  are  numerous  examples  in  the  valleys 
of  the  district  where  little  lakes  or  pieces  of  still  water  have  been 
apparently  filled  up,  the  chief  check  is  afforded  by  the  meeting  of 
the  tidal  and  river  waters.  As  most  of  these  rivers  flow  onwards 
over  the  higher  portions  of  their  tidal  beds,  with  the  full  force  of 
their  streams,  when  the  tides  are  out,  gravels  are  borne  seawards 
beyond  the  exact  meeting  of  the  tidal  and  river  waters  for  variable 
distances,  according  to  the  fall  of  the  beds  and  volume  of  water 
discharged.  Hence,  during  floods  gravel  banks  are  often  accu- 
mulated in  the  course  of  the  tidal  portions  of  tlieir  channels.  In 
the  Dart  below  Totnes  there  are  two  or  three  of  these  bars,  as 
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they  are  termed.  The  finer  sedimentary  matter  is,  however,  car- 
ried onwaids,  and  while  the  muddy  condition  of  the  banks  of 
the  higher  parts  of  tidal  rivers  and  estuaries  shows  that  some  of 
it  is  deposited  on  their  shores,  the  usual  foul  state  of  their  waters 
affords  proof  that  a  large  proportion  of  it  is  kept  mechanically 
suspended,  a  part  escaping  during  every  ebb-tide  into  the  ad- 
joining seas.  During  floods  the  escape  of  the  muddy  river  waters 
orer  the  heavier  waters  of  the  sea,  the  former  being  still  under  ordi- 
nary circumstances  specifically  lighter  than  the  latter,  can  readily 
be  seen  on  the  coasts  of  Devon  and  Cornwall,  the  coloured  super- 
ficial streams  bending  in  the  direction  of  the  ebb-tide  along 
shore.* 

Though  much  detritus  is  carried  into  the  sea,  a  considerable 
check  is  necessarily  sustained  by  the  tidal  waters  of  rivers  where 
they  meet  the  latter,  particularly  where  the  breakers  strive  to 
drive  a  beach  across  their  embouchures,  and  pile  up  much  of  the 
sand  brought  down  by  them.  Bars,  as  they  are  termed,  are  the 
result  both  of  the  check  to  the  waters  and  the  piling  action  of  the  • 
breakers,  good  examples  of  which  may  be  observed  at  the  mouth 
of  the  Taw  and  Torridge,  and  at  the  embouchures  of  the  Teign  and 
theExe.  This  action  is  necessarily  observed  in  a  less  degree  where 
the  breakers  do  not  force  a  beach  along  shore,  but  where  the 
depth  will  still  permit  the  on-shore  movement  of  the  waves  to  be 
felt,  and  to  cause  a  rise  of  bottom  to  variable  heights,  su£Scient  to 
be  termed  a  bar  when  elevated  so  as  to  have  breakers  upon  it  at 
low  water.  Thus,  the  bottom  is  less  deep  at  the  mouth  of  the  Dart 
than  opposite  Dartmouth,  and  a  bar  upon  which  the  sea  breaks 
occurs  at  the  entrance  of  the  Kingsbridge  estuary. 

From  the  deposit  of  detrital  matter,  the  tidal  portions  of  the 
various  rivers  in  the  district  would  appear  to  have  been  much 

*  The  flowing  of  river  waters  in  floods  over  sea  water  is  occasionally  well  shown  at 
Haaioase,  Plymouth,  where,  during  freshets,  the  heavy  men-of-war,  drawing  several 
^Nt  of  water,  swing  round  with  their  heads  to  the  south  upon  the  making  of  the 
W-tide,  while  the  hoats  alongside,  drawing  comparatively  little  water,  ride  with 
tbrir  beads  to  the  northward,  the  fresh  waters  flowing  to  the  south  over  the  sea  waters, 
vkid  then  run  up  the  Tamar  to  the  northward.  In  this,  as  in  all  estuaries  and  tidal 
mtrs  where  there  is  sufficient  depth  of  water,  the  flood-tide  wedges  up  the  fresh 
valmofthe  rivers  until  they  finally  check  their  progress  altogether,  the  facility 
vithvhich  they  do  so  varying  according  to  circumstances,  so  that  in  the  Parret  the 
»»Uance  is  suddenly  overcome,  and  the  flood-tide  rushes  in  with  a  considerable  wave, 
fc<B«dthe  Bortf  which  may  be  well  observed  at  Bridgewater. 
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silted  up  even  within  historical  times^  more  especially  where  the 
tidal  and  river  waters  meet^  and  in  the  tributary  creeks  down 
which  small  streams  flow.  The  Dart,  at  Totnes,  is  considered 
to  be  now  much  less  accessible  to  vessels  than  formerly^  and  the 
Fowey,  near  Polruan,  has  become  perceptibly  shallower,  even 
within  a  few  years. 

The  detritus  thus  worn  from  the  land  by  breakers,  and  carried 
from  it  by  the  drainage  waters,  is  either  strewed  along  shore  by  the 
former^  or  distributed  over  the  bottom  of  the  adjoining  seas  by  the 
streams  of  tide.  The  heavier  portions  being  incapable  of  transport 
by  tidal  streams,  even  when  aided  by  the  movement  of  the  waves, 
they  are  piled  upon  shore  by  the  breakers,  and  gradually  ground 
smaller  by  attrition ;  fresh  fragments  from  the  cliffs,  and  pebbles 
from  the  rapid  streams,  supplying  the  loss  thus  occasioned.  Tlie 
lighter  portions  are  carried  outwards  by  the  tides,  assisted  by  the 
movement  of  the  waves.*  The  finest  sedimentary  matter  can  be, 
and  generally  is,  conveyed  to  the  greatest  distances  from  the 
land,  while  the  less  comminuted  is  deposited  nearer  the  coasLf 
Hence,  allowing  for  exceptions  from  local  causes,  while  the 
shingles  or  pebbles  formed  in  the  present  condition  of  this  part  of 
the  earth*s  surface  occur  only  along  shore,  sands  constitute  the 
bottom  of  the  sea  nearest  the  coast,  and  mud  that  most  remote 
from  it ;  all  destined  probably  in  some  future  condition  of  this 
portion  of  our  planet,  with  the  remains  of  the  creatures  that  exist 
in  and  upon  them,  to  be  raised  above  the  level  of  the  Atlantic 
and  to  be  covered  with  terrestrial  life,  as  has  happened  with  the  far 
greater  part  of  the  well -peopled  and  cultivated  lands  of  Corunall, 
Devon,  and  West  Somerset,  which  is  merely  formed  of  the  super- 
ficially decomposed  bottoms  of  ancient  seas  that  have  been  elevated 
above  water  into  the  atmosphere. 

*  From  observations  which  we  have  made,  more  especially  on  the  shores  of  this 
district,  we  have  be«n  led  to  estimate  the  depth  beoeath  large  waves,  at  which  fine 
detritus  can  be  agitated,  as  it  were,  to  the  surface  at  about  90  feet 

t  The  mud  deposited  near  the  shores  of  the  Bristol  Chaunel,  in  manj  places  be- 
tween Mi(Mle  Hope  and  Minehead,  merely  comes  under  the  head  of  estuary  mud. 
drifted  about  in  the  eastern  part  of  the  Bristol  Chaunel  and  in  the  Severn,  as  in  any 
other  estuary,  and  beiog  deposited  under  similar  circumstances. 
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CHAPTER  XV. 

ECONOMIC  GEOLOGY. 

That  the  inhabitants  of  a  civilized  country  are  much  governed 
m  their  occupations,  all  other  things  being  equal,  by  the  geological 
structure  of  that  country,  has  of  late  been  often  remarked,  and 
the  coal  districts  of  England  have  been  adduced  in  proof  of  the 
correctness  of  this  view,  their  manufacturing  character  contrasting 
striluDgly  with  the  agricultural  condition  of  others  in  which  coal 
is  either  not  found,  or  from  which  the  distance  or  kind  of  commu- 
nication renders  its  transport  expensive.  Coal  and  iron  so  fre- 
quently occur  together  in  our  carboniferous  districts,  and  the  price 
at  which  both  can  be  consequently  obtained  close  to  each  other 
is  so  low,  that  the  power  of  such  districts  to  produce  manufactures 
requiring  much  machinery  and  fuel,  all  other  circumstances  being 
the  same,  far  exceeds  that  possessed  by  those  in  which  these  geolo- 
gical conditions  are  not  found.  When  the  facilities  of  transport  to 
and  from  such  districts  are  favourable,  it  could  scarcely  happen, 
supposing  the  necessary  demand  to  exist,  that  manufacturing 
establishments  would  not  be  formed  in  them  preferably  to  those 
countries  where  both  iron  and  coal  were  at  high  prices.  In 
many  cases  manufacturing  establishments  could  scarcely  be  ren- 
dered sufficiently  profitable  to  be  formed  at  all,  but  for  the  geolo- 
gical structure  of  the  country  near  them. 

Perhaps  there  are  few  localities  in  which  the  advantages  of 
geographical  situation,  combined  with  cheap  fuel,  arising  from 
geological  position,  are  better  exemplified  than  at  Swansea,  where 
not  only  the  copper  ores  of  Cornwall  and  Ireland,  but  those  also 
of  Cuba  and  Chih,  are  brought  to  be  smelted ;  these  advantages 
even  rendering  it  profitable  to  transport  ores  from  the  western 
Aores  of  South  America  round  Cape  Horn  to  the  fossil  vegetation 
eDtombed  in  South  Wales.  It  is  not  improbable  that  at  some 
tuture  period  the  South  American  copper  ores  may  be  reduced  to 
roelal  more  profitably  in  other  and  nearer  countries  in  which 
efficient  coal  may  be  discovered ;  but  should  this  change  take 
place,  it  would  still  be  due  to  geological  conditions.     Merthyr 
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Tydfil,  in  Glamorganshire,  may  be  cited  as  an  excellent  example 
of  the  economic  value  of  geological  conditions,  the  proximity  of 
the  carboniferous  limestone,  the  coal,  and  ironstone  to  each  other, 
in  that  part  of  the  country  producing  a  cheap  combination  of  flux, 
fuel,  and  ore,  scarcely  to  be  surpassed. 

It  will  readily  be  understood  that,  where  a  considerable  portion 
of  any  given  population,  all  other  things  being  equal,  lives  by 
labour  requiring  constant  skill,  ingenuity,  and  judgment,  that 
habits  of  reasoning  and  thought  will  be  produced  which  would 
render  it  mentally  superior  to  another  given  population  in  whidi 
the  greater  number   of  persons  merely  followed  some  routine 
occupation  during  their  whole  lives,  in  doing  which  they  were 
not  called  upon  to  exercise  any  of  the  mental  powers  they  might 
happen  to  possess.     To  those  whose  pursuits  take  them  among 
the   labouring  part   of    the    population,   the    variation  in  the 
mental  condition  of   the  people   in  the   district  under  cona- 
deration^  is   remarkably  striking.     This  variation  is  no  doubt 
due  to  many  local  causes,  but  among  them  the  geological  struc- 
ture of  the  country  would  appear   to  hold  a  more  important 
place  than  might,  perhaps,  at  first  sight  be  anticipated.    The 
chief  contrast  would  probably  be  found  between  the  labourers 
on  the  poor  lands  of  the  carbonaceous  series  of  North-western 
Devon  and  the  miners  of  Cornwall,  both  considered  in  the  mass. 
While  the  former  are  thinly  distributed  over  the  country,  full  of 
prejudices  against  improvement,  and  still  often  firm  believers  in 
witchcraft,  ghosts,  &c.,  the  miners  are  thickly  congregated  to- 
gether in  the  neighbourhood  of  the  working  lodes,  abound  with 
intelligence,  and  from  the  constant  exercise  of  their  judgment, 
upon  which  indeed  the  living  of  a  large  proportion  entirely  de- 
pends, able  to  take  correct  and  enlarged  views  of  many  other 
subjects  than  those  immediately  connected  with  their  ordinary 
occupations.     The  miners,  nevertheless,  in  Cornwall  and  Devon, 
labour  under  considerable  disadvantages  as  regards  education 
when  compared  with  those  of  many  other  countries,  where  mining 
colleges,  or  schools,  are  founded.     There  is  not  a  single  place  in 
the  whole  district  where  they  can  learn  the  results  of  the  mining 
experience  of  other  countries,  and  by  combining  it  with  their  own, 
advance  both   their  knowledge    and   its   practical  application. 
Neither  is  there  any  school  to  teach  them  those  sciences  that  bear 
upon  their  labours,  and  which  would  be  so  useful  to  them.    The 
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necessity  of  studying  the  varying  condition  of  their  lodes  has, 
nevertheless,  so  accustomed  their  minds  to  the  habit  of  reasoning, 
that  they  certainly,  as  a  mass,  greatly  exceed  in  intelligence  the 
other  labouring  population  of  the  district,  which,  with  the  excep- 
tion of  the  fishermen  and  sailors,  is  chiefly  agricultural;  the 
manufactures  carried  on  in  the  towns,  omitting  Tiverton  and 
Chard,  not  being  sufficiently  important  to  impress  a  manufacturing 
character  upon  them. 

This  contrast  will  readily  be  seen  to  be  due  to  the  geological 
structure  of  the  respective  portions  of  our  district  above  noticed, 
for  if  the  granite,  elvan,  slate,  and  metalliferous  veins  of  the  one 
were  transferred  to  the  area  now  occupied  by  the  sandstones  and 
shales  of  the  other,  there  would  appear  no  reason  why  the  popu- 
lation at  present  occupying  that  part  of  North  Devon  should  not 
be  mentally  as  far  advanced  as  the  generality  of  Cornish  miners 
now  are,  possessing,  as  they  would,  similar  opportunities.  When 
the  physical  features  of  our  district  are  combined  with  the 
mineral  structure  of  its  rocks,  very  considerable  variations  in  the 
condition  of  the  population  will  be  observed,  less  striking,  it  is 
true,  than  that  above  noticed,  yet  still  sufficiently  marked,  and 
of  which,  if  it  entered  into  the  plan  of  this  report,  we  might  readily 
adduce  proof. 

Agriculture. 

It  can  scarcely  escape  the  most  casual  observer  that  the  fertility 
of  the  district  varies  most  materially,  and  that  very  striking  con- 
trasts in  the  productive  character  of  the  soil  present  themselves 
to  his  attention  in  different  parts  of  it.  If  he  will  take  a  geolo- 
gical map  in  his  hand  and  compare  this  variation  in  fertility  with 
the  oolours  marked  upon  it,  he  will  scarcely  fail  to  find  that  there 
b  an  evident  connexion  between  the  greater  or  less  productiveness 
he  may  have  noticed,  and  the  areas  differently  tinted  in  the  map. 
Those  who  examine  more  minutely  into  the  subject  will  soon  per- 
ceive that  this  coincidence  extends  very  generally  to  the  boundary 
lines  of  the  various  colours,  so  that  if  the  scale  of  the  map  be 
sufficiently  large,  the  relative  fertility  may,  in  some  cases,  be  traced 
even  across  fields,  portions  of  them  being  far  more  productive 
than  others. 

In  endeavouring  to  estimate  the  relative  amount  of  fertility  that 
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may  be  due  to  the  decomposition  of  the  sub^soil  rocks,  it  is 
essential  that  due  attention  be  paid  to  local  conditions  as  regards 
aspect,  height  above  the  sea^  and  other  necessary  circumstanoes, 
otherwise  many  erroneous  conclusions  may  be  drawn^  especially 
in  a  country  like  that  we  are  now  noticing,  in  which  so  many 
places  are  exposed  to  the  influence  of  the  sea-winds,  and  where 
heights  vary  considerably.  We  should  necessarily  expect  that  shel- 
tered situations  with  a  good  southern  aspect  would  be  those  ia 
I  which,  all  other  things  being  equal,  we  should  find  the  capability 
of  any  given  soil  best  exhibited ;  and  that  hence,  by  comparing 
localities  as  nearly  alike  in  this  respect  as  we  can  find  them,  we 
may  be  the  better  able  to  observe  any  difi^erences  which  may  arise 
in  soils  from  the  mineral  structure  of  the  subjacent  rocks. 

Fortunately  there  are  many  short  valleys  on  the  southern  coasts 
of  Devon  and  Cornwall,  the  component  parts  of  which  do  not 
so  materially  vary  in  latitude  as  to  render  their  temperature  oo 
that  account  to  any  very  important  extent  different,  where  the 
general  atmospheric  conditions  are  so  nearly  similar,*  that  the 

*  It  would  appear  from  an  account  of  the  climate  of  Penxance  by  Mr.  Edftfd 
Collins  Giddy  (Phil.  Mag.,  and  Annals  of  Philosophy,  January  to  June,  18*28, p.  173, 
vol.  iii.,  new  series),  that  the  mean  temperature  for  the  year,  from  twenty-ooe  yein* 
observations,  was  54*5^  Fahr.  The  mean,  however,  as  deduced  from  seren  yean' 
observations  of  a  register  thermometer,  gave  only  52°;  probably  the  latter  mean  may 
more  nearly  approach  the  truth  than  the  former.  He  gives  the  following  w  the 
mean  temperature  of  the  various  months  at  Penzance  :— 

Jan.  Feb.  March.        April.  May.  June. 

43°  45-5°  47°  51.5°  58«5°  62-5° 


July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

65-6° 

64-5° 

60° 

55-5° 

49° 

46° 

As  regards  rain,  he  gives  the  following  as  the  mean  fall  in  inches  for  the  aeveitl 
months  during  seven  years : — 

Jan.  Feb.  March.         April.  May.  June. 

26-825        22-800        27135        12-735        21*450         15.020 

July.  Aug.  Sept.  Oct.  Nov.  Dec 

20-740        24-475        24*060        39-295        36-036        42-075 

Inches. 
The  average  quantity  of  rain  for  seven  years  is  estimated  at    .      .  44*  702 

Ditto,  of  wet  days  for  seven  years 177*5 

Ditto,  of  dry  days  for  seven  years 187*5 

Through  the  kindness  of  Mr.  Holland,  who  completed  a  series  of  twenty  yean' 
meteorological  observations  at  Lyme  Regis  in  September,  1836,  with  the  exception  of 
those  on  temperature,  which  were  uninterruptedly  carried  on  for  only  thirteen  yean. 
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relative  fertility  of  the  soils  in  them  may  be  fairly  appreciated, 
due  allowance  being  made  for  the  greater  prevalence  of  cloud  as 
we  proceed  westward,  viewing  the  district  as  a  whole.  At  Lyme 
Regis  we  have  a  lias  valley,  and  at  Sidmouth  one  formed  of  red 
marl  and  sandstone,  both  bounded  by  hills  of  green  sand,  and 
both  much  strewed  over  in  places  by  flint  and  chert-gravel.  The 
superior  fertility  of  the  Sidmouth  valley  is  readily  seen,  though  of 
the  two  it  is  most  exposed  to  the  northerly  winds.     Independently 

we  are  enabled  to  state  that  the  mean  temperature  for  the  year  at  that  place,  at  an 
elevation  of  ninety-five  feet  above  high  water  mark,  was  50*65°  Fahr.  He  gives 
the  following  as  the  mean  temperatures  of  the  various  months : — 

Jan.  Feb.  March.  April.  May.  June. 

40- ir  41-77°  44-76°  47-71°  53-29°  57-20° 

July.  Aug.  Sept.  Oct.  Nov.  Dec. 

60-34-  60-40«  57-28°  53-22°  47-86°  43-76° 

Mr.  Holland,  commencing  his  winter  with  October,  as  a  more  natural  division  for 
meleorological  purposes  than  that  which  is  usually  adopted,  and  ending  it  with 
March,  eetimatesthe  mean  temperature  for  the  winter  at  Lyme  Regis  »  45*26°, 
the  mean  for  the  remaining,  or  summer  months,  being  »  56-04. 

With  regard  to  the  local  variations  in  mean  temperature  of  this  or  any  place 
iq»on  the  sea  coast,  with  the  same  aspect,  Mr.  Holland  had  occasion  to  observe  during 
a  bard  firost  that  while  near  the  sea  side  the  temperature  was  27°,  at  his  own  house 
ninety-five  feet  above  the  sea),  it  was  at  21°,  and  at  another  house,  about  200  feet 
above  the  sea,  at  15° ;  so  that  there  was  then  a  difference  of  12^  in  200  feet,  pro- 
duced partly  by  difference  of  height,  and  partly  by  distance  from  the  mass  of  sea- 
water  at  a  much  higher  temperature. 

The  average  number  of  rainy  days  at  Lyme  Regis  is  estimated  at  178  (a  number 
doacly  agreeing  with  that  given  by  Mr.  Giddy  for  Penzance),  divided  for  the  various 
months  as  follows,  the  number  of  hours  of  rain  being  also  stated: — 

Jan.  Feb.  March.         April.  May.  June. 

16  14  16  14  13  13  Days. 

7b  75  71  67  59  50  Hourt. 

July.  Aug.  Sept.  Oct.  Nov.  Dec. 

14  13  14  17  17  17  Dayt. 

63  60  60  80  86  85  Hourt. 

Wc  are  enabled  to  state,  through  the  kindness  of  Mr.  Snow  Harris,  that  from  eleven 
xtmn"  observations  at  Devonport  and  Plymouth,  he  finds  the  mean  annual  tempera* 
tore  of  that  part  of  the  coast  to  be  »  52*5°,  the  mean  temperature  of  the  various 
montbs  being  as  follows : — 

Jan.  Feb.         March.         April.  May.  June. 

42-7°         44-3°  45-9°  48-8°  56-0°  59-7° 

July.         Aug.  Sept  Oct.  Nov.  Dec. 

61-8°         61-1°  57-5°  53-6°  482°  46-4° 

2  H 
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of  the  decomposed  lias  being  less  favourable  to  general  cultivation, 
though  it  is  commonly  valuable  for  grass  land,  the  geological 
conditions  of  the  two  valleys  are  such  that,  while  the  rain-water, 
which  percolates  through  the  green  sand  on  the  tops  of  the  bound- 
ing hills,  is  allowed  to  pass  through  the  red  sandstones  in  the 
valley  of  Sidmouth,  being  thrown  out  only  by  the  marls,  the 
lias  in  the  valley  of  Lyme  throws  it  out  altogether,  producing 
land-slips  and  much  wet  ground. 

If  we  compare  the  short  valleys,  with  a  southern  exposure,  of 
Lamoma  Cove  (on  the  west  of  Penzance),  in  granite,  of  Cbyan- 
dower  (near  the  same  town),  in  greenstone  and  slate,  of  Kennack 
Cove  (Lizard),  in  serpentine,  of  Pendowa  (near  Veryan),  in  ordi- 
nary schistose  grauwacke,  of  Polperro,  chiefly  in  variegated  clay 
slate,  and  several  others  in  different  varieties  of  grauwacke,  with 
each  other  and  with  those  of  Sidmouth  and  Lyme  Regis,  we  can 
scarcely  doubt  that  their  relative  fertility,  and  their  power  of 
growing  particular  kinds  of  plants  to  advantage,  greatly  depends 
upon  their  sub-soil  rocks. 

That  shelter  from  the  prevalent  sea-winds,  which  strike  so 
many  parts  of  the  coasts  of  Cornwall  and  Devon  with  great  force, 
is  important  to  the  vegetation  of  the  district,  will  be  amply  testi- 
fied by  the  bent  and  stunted  character  of  such  trees  as  can  be 
made  to  grow  exposed  to  their  influence,  and  by  the  fine  appear- 
ance of  diose  which  flourish  freely  when  defended  from  them, 
even  when  they  closely  approach  the  sea,  as  at  Newlyn,  near 
Penzance,  at  Mount  Edgecumbe,  near  Plymouth,  and  at  Dart- 
mouth. It  will  be  observed,  in  the  continuation  of  the  same 
range  of  rocks,  that,  while  the  portions  which  are  exposed  to  these 

Six  yean*  observations  for  rain,  the  fall  of  which  Mr.  Snow  Harris  obtains  io  cubic 
inches  upon  a  square  foot,  give  him  a  mean  annual  quantity  of  5313*  58  cubie  iocbei, 
or,  according  to  the  usual  mode,  36*24  inches  in  depth,  the  mean  monthly  quantity 
being  as  follows : — 

Jan.  Feb.  March.  April.  May.  June. 

350*7  439*9  354*1  448*8  290*4  352*9 

July.  Aug.  Sept.  Oct.  Nov.  Dec 

427*4  464-3  617*3        487*5  435*96  644*26 

With  respect  to  winds,  he  finds  from  observations  made  for  2,191  days,  or  daring 
six  years,  three  times  in  each  day,  and  occasionally  at  night,  that  they  can  be  dif  i<l<d 
as  beneath : — 

mnd8,  NoTih.    N.E,     East.      S.E.     South.     S.W.     West    N.W.   Variable. 
Days.      280        90        298        119        219        288        522        178         197 
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prevalent  sea-winds  will  scarcely  support  the  growth  of  more  than 
a  few  bent  and  stunted  shrubs,  the  sheltered  parts  are  covered 
by  vegetation  in  proportion  to  the  fertility  of  the  rocks  of  the 
locality.*  Let,  for  instance,  the  vegetation  on  the  mica  slate  and 
chlorite  rocks  of  the  Molt,  at  the  entrance  of  the  Kingsbridge 
estuary,  be  compared  with  that  on  the  continuation  of  the  same 
rocks  in  the  Sewer  valley,  opposite  the  Ham  Stone,  and  we 
shall  find  flourishing  gardens  overhanging  the  sea  in  the  former 
situation,  orange  and  lemon  trees  growing  in  the  open  air,  with 
little  shelter  during  the  winter,  though  the  Molt  is  exposed  to  the 
south-east ;  while  in  the  latter,  trees  and  shrubs  are  completely 
cut  up  where  exposed  to  the  south  and  south-west  winds.  For  simi- 
lar reasons,  fine  woods  clothe  the  coast  near  Clovelly,  in  North 
Devon,  though  its  aspect  is  northern ;  while  the  continuation  of 
the  same  beds  of  the  carbonaceous  series,  near  Hartland  Pier,  will 
scarcely  support  the  growth  of  a  tree  when  exposed  to  the  western 
winds.  So  also  the  Culbone  woods,  near  Porlock,  which  rise 
gradually  from  the  shore,  and  flourish,  with  a  northern  aspect, 
irould  be  speedily  swept  away,  or  be  contorted  and  stunted  in 
their  growth,  if  exposed  to  the  full  force  of  the  same  winds. 

Hiough  fi*om  the  want  of  friction,  beyond  that  which  they 
i^^oeive  from  the  surfsK^e  of  the  sea,  the  prevalent  sea-winds  act 
most  severely  on  the  coast  vegetation  exposed  to  them,  prevent- 
ing that  growth  which  adjacent  sheltered  spots  show  the  decom- 
position of  the  same  rocks  to  be  capable  of  supporting,  their 
influence  is  not  confined  to  the  coasts,  but  extends  inland  in  pro- 
portion to  distance  from  the  sea  and  height  above  it.  Many  a 
valley,  therefore,  in  a  given  range  of  rocks,  is  comparatively  fertile ; 
vrhile  the  high  grounds,  in  the  same  range,  make  a  poor  return 
for  the  labours  of  the  agriculturist. 

The  chalk  of  the  district  is  seldom  exposed  on  the  surface,  and 

^  Mr.  Worgaa,  in  his  General  View  of  the  Agricultuxe  of  Cornwall  (181 1),  p.  47, 
calb  the  atteDtion  of  farmers  to  the  valae  of  the  tamarisk  for  fences  in  situations 
npQwd  to  the  brunt  of  the  sea  winds,  where  scarcely  another  shrub  will  grow  in 
t)»  hedges.  We  have  observed  good  fences  of  this  plant  on  the  south,  near  Lan- 
dewednaek  (in  the  Lizard  district),  and  around  Harlyn  House,  near  Trevoee  Head, 
w  the  north.  Hence  it  is  probable  that  it  might,  notwithstanding  this  plant  sufibrs 
frnn  fiost,  be  suoeessfolly  cultivated  along  a  large  portion  of  the  coasts  of  Cornwall. 
As  it  is,  this  useful  tree  is  sparingly  found.  It  is  probable,  also,  that  it  would 
thrive  along  the  southern  shores  of  Devon,  as  it  grows  fairly  in  some  gardens  close 
^  the  sea  at  Lyme  Regis. 

2h2 
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therefore  contributes  little,  by  decomposition^  to  the  superjaceat 
soil ;  hence  we  find  no  area  of  importance  presenting  the  marked 
agricultural  character  of  the  chalk  portions  of  the  adjacent  coun- 
ties on  the  eastward.  The  chalk  and  green  sand  are,  indeed, 
generally  so  completely  covered  by  the  gravels  which  we  ha?e 
previously  noticed  (p.  395),  that  those  parts,  represented  in  the 
maps  as  composed  of  these  rocks,  afford  a  very  common  agricul- 
tural character,  and  cannot  on  the  whole  be  considered  fertile. 
Downs  of  heath  and  furze  are  very  common  upon  these  gravels; 
and  those  portions  cultivated  as  arable  land  abound  in  flints  and 
fragments  of  chert  The  gravels  also  frequently  contain  much 
clayey  matter  intermingled  with  them,  so  that  water  does  not 
readily  percolate  through  them,  and  black  peaty  soils  are  often 
observed.  In  places  where  marls,  probably  the  remains  of  the 
plastic  clay  beds,  are  found  near  the  surface,  the  agricultural  cha- 
racter of  the  land  above  the  chalk  and  green  sand  is  much  im- 
proved, and  the  country  more  fertile.  In  those  situations  in  the 
Black  Downs,  where  the  gravels  have  not  descended  thickly 
spread  over  the  sides  of  the  hills  upon  the  red  marls,  or  lias,  be- 
neath the  green  sand,  the  contrast  offered  between  the  agricultural 
condition  of  the  country,  upon  the  one  and  the  other,  is  remarkably 
striking ;  indeed  a  well-marked  line  of  heath  and  common  nearly 
coincides  with  the  division  between  the  two  rocks.  Haldon  Hills 
also  afford  good  examples  of  the  contrast  between  the  vegetation 
upon  the  green  sands,  with  their  gravel  covering,  and  upon  the 
rocks  beneath  them. 

When  the  agricultural  character  of  the  lias  is  compared  vrith 
that  of  the  red  marl  and  sandstone  adjoining  it,  a  very  striking 
general  superiority  is  observed  in  the  latter.  Good  opportunities 
for  observing  this  circumstance  are  afforded  by  the  Vale  of  Taun- 
ton, where  both  rocks  occur  under  similar  general  conditions  as 
to  climate.  It  will  be  seen  also  in  the  neighbourhood  of  Bridge- 
water,  in  that  of  Watchet,  and  near  Uphill  and  Worle,  in  the  vici- 
nity of  Weston-super-Mare,  on  the  north,  and  in  the  valley  of  the 
Axe  on  the  south.  Excellent  grass-land  is  often  seen  on  the  lias, 
as  also  many  good  orchards;  but  in  general  the  arable  land 
upon  it  seems  not  very  remarkable  for  abundant  produce.  Oaks, 
as  might  be  expected,  often  grow  well,  particularly  upon  the  marly 
or  clayey  parts, 

Taken  as  a  whole  the  area  occujiied  by  the  red  sandstone 
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series  is  one  of  considerable  fertility,  especially  when  uncovered  by 
transported  gravels.  The  red  marls,  with  their  higher  variegated 
parts  adjoining  the  lias,  would  appear  very  favourable  for  the 
growth  of  apples;  and  the  cider  obtained  from  their  range  is 
commonly  found  to  be  very  excellent,  when  sufficient  attention  is 
paid  to  the  mode  of  making — an  attention  not  so  common  as 
could  be  desired.  The  cider  obtained  from  the  red  and  variegated 
marls  of  the  Vale  of  Taunton,  and  that  made  in  the  valleys  of  the 
Otter,  the  Coly,  the  Yart,  and  the  Axe,  where  they  cut  into  the 
same  beds^  and  the  surface  is  fairly  clear  of  gravel,  may  be  taken  as 
examples  of  this  circumstance.  In  many  places,  also,  where  beds 
of  red  marl  are  intermingled  with  the  sandstones  and  conglo- 
merates of  the  other  parts  of  the  series^  or  the  latter  contain  much 
marly  matter,  the  same  fact  will  be  observed.  Some  of  the  best 
lands  in  Somerset  and  Devon  are  upon  the  red  sandstone  series; 
and  the  general  rich  appearance  of  the  vegetation  it  bears^  more 
particularly  where  the  soil  is  directly  based  upon  it,  so  that  its 
component  parts  have  been  superficially  decomposed  to  form  the 
chief  part  of  such  soil,  is  one  of  the  marked  features  of  the  country. 
No  doubt  as  these  component  parts  vary,  so  does  the  fertility ; 
but  there  are  few  soils  of  any  great  extent,  composed  really  of  de- 
composed portions  of  the  red  sandstone  series,  which  are  not  rich 
in  general  products.  Their  different  porosity  certainly  causes 
minor  variations,  some  of  the  marly  grounds  being  inclined  to  be 
wet,  while  some  of  the  sandstone  grounds  are  too  dry.  The  upper 
beds  are  most  disposed  to  be  wet  and  clayey,  while  of  the  too  great 
porosity  of  sub-soil  rock,  the  localities  are  more  scattered. 

Taken  as  a  whole,  the  contrast  between  the  fertility  of  the  soil 
on  the  beds  of  the  red  sandstone  series,  and  that  on  the  rocks 
upon  which  it  rests,  is  marked  and  striking,  and  much  in  favour 
of  the  former.  As  the  country  formed  of  this  series  generally 
occupies  a  lower  position  than  that  composed  of  these  subjacent 
rocks,  it  may  be  said  that  it  is  more  sheltered,  and  that  oflen  this 
contrast  is  deceptive,  the  lower  and  less  exposed  portions  of 
ground  deriving  the  usual  advantages  from  position.  If,  however, 
we  take  the  country  between  Tiverton  and  Bradninch,  where  beds 
of  the  red  sandstone  are  mingled  on  the  surface  with  those  of  the 
carbonaceous  series,  at  equal  heights  and  under  similar  general 
conditions  as  to  climate,  or  that  near  Cadbury  and  Stokeleigh 
Pomeroy,  where  the  former  occupy  the  highest  ground,  their 
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superior  fertility  is  not  the  less  marked.  If  it  be  said  that  this  is  not 
a  fair  comparison^  inasmuch  as  the  beds  of  the  carbonaceous  aeries 
are  generally  far  from  affording  a  good  soil,  we  may  take  the 
country  between  Totnes,  Torbay,  Babbacombe  Bay,  and  Newtoo 
Bushell,  where  the  red  sandstone  series  is  intermingled,  under 
similar  conditions  as  to  height  and  climate,  with  grauwacke 
slates  and  limestone ;  and  except  trappean  rocks  occur  among 
the  latter,  the  same  circumstance  will  be  observable. 

The  soil  on  the  carbonaceous  series  generally  is  iar  from  good, 
though  here  and  there  more  fertile  spots  may  be  found,  as  in  some 
places  near  Bideford,  Tiverton,  and  a  few  other  localities,  particu- 
larly where  the  beds  are  red.  In  those  situations,  also,  where 
trappean  rocks  are  mingled  with  them,  as  near  Launceston, 
Milton  Abbot,  and  Tavistock,  on  the  west,  and  near  Bridford, 
Cristow,  Ashton,  and  Trusham,  on  the  east  of  Dartmow,  their 
condition  seems  often  much  improved,  the  wash  of  the  decomposed 
parts  of  these  trappean  rocks  often  passing  over  them.  The 
country  between  Launceston,  Hartland,  and  Okehampton,  is 
among  the  most  dreary  and  barren  in  the  district,  a  poor  yellow 
clay  being  a  very  common  product  of  the  decomposed  shales  and 
sandstones  there  found,  for  the  grains  of  the  sandstone  are  fre- 
quently cemented  by  matter  which  thus  decomposes.  The  land, 
moreover,  is  generally  high,  and  down  succeeds  down  in  monoto- 
nous succession.  The  country  improves  in  appearance  in  the 
range  of  these  rocks  to  the  eastward ;  still,  however,  as  a  whole, 
its  general  character  is  not  fertile,  as  a  journey  from  Barnstaple 
to  Tiverton  will  readily  show.  Oaks  flourish  well  upon  these 
rocks  in  several  situations,  and  might  probably  be  successfully 
raised  in  many  valleys  now  almost  uncultivated. 

From  the  very  variable  mineralogical  character  of  the  grau- 
wacke we  might  anticipate  the  very  great  difference  observable  in 
the  country  occupied  by  that  rock,  every  due  allowance  being 
made  for  the  varied  meteorological  conditions  to  which  it  is  exposed 
according  to  locality.  On  the  north,  the  hard  sandstones  of  the 
Foreland,  and  those  extending  from  the  Hangman  HlUs  to 
Croydon  Hill,  on  the  south  of  Dunster,  form  such  high  land,  that, 
for  that  reason  alone,  we  should  not  expect  much  successful  culti- 
vation ;  but  in  the  lower  and  more  sheltered  situations  little  ferti- 
lity is  observable ;  indeed,  there  are  few  among  these  sandstone 
beds  which  would  be  readily  decomposed  at  their  exposed  sur&ces. 
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The  agricultural  character  of  the  calciferous  band  of  schistose 
rocks  extending  from  Ilfracombe  and  Combe  Martin,  by  Exford, 
toNettlecombe,  near  Monksilver,  is  much  superior  to  the  last^  and 
very  fair  land  may  be  seen  in  the  less  elevated  and  sheltered  situ- 
ations. The  next  band  of  grauwacke^  ranging  from  the  coast 
between  Ilfracombe  and  Bull  Point,  on  the  south  of  the  last,  is 
a^  less  fertile ;  while  that  which  succeeds  it  in  the  ascending 
series,  and  which  is  chiefly  composed  of  fine  argillaceous  slate,  is 
generally  not  much  inferior,  being,  however,  liable  to  form  a 
clayey  soil  where  the  natural  drainage  is  not  good.  The  next 
band,  principally  formed  of  sandstones,  and  ranging  from  the 
coast,  at  Morte  Bay  and  Baggy  Point,  to  Heydon  and  Main 
Downs,  near  Wiveliscombe,  presents  generally  a  poor  soil ;  while 
the  band  above  it,  extending  from  the  vicinity  of  Barnstaple,  by 
Dul?ertoD  and  Raddington,  to  Bathealton,  and  which  is  often 
calciferous,  is  frequently  fairly  fertile. 

On  the  south,  the  differences  of  soil,  from  variations  in  the  mine- 
ral structure  of  the  grauwacke  and  its  associated  trappean  rocks, 
is  still  more  remarkable ;  and  we  may  here  observe  that  the  latter 
HMsks,  which  are  chiefly  compounds  of  hornblende  and  felspar, 
afford  the  most  fertile  soils  of  any  in  the  district,  when  their  de- 
composition has  taken  place  to  any  sufficient  depth ;  so  much  so, 
that  when  much  disintegrated,  they  are  sometimes  worked  as 
niarl-pits  for  manure,  and  the  land  thus  treated  is  always  found  to 
be  greatly  benefited.  The  trappean  ash,  particularly  when  mingled 
^ith  calcareous  matter,  which  is  sometimes  the  case,  affords  a 
remarkably  fine  soil.""  Limestone  occurs  in  sufficient  abundance 
in  the  vicinity  of  Torbay,  Newton  Bushell,  and  Plymouth,  to 
afford  an  agricultural  character.  The  land  upon  it  is  generally 
considered  good,  but  it  is  frequently  light,  and,  from  the  hardness 
of  the  subjacent  rock  (though  its  surface  is  often  broken  into 
fragments  from  atmospheric  causes),  liable  to  be  washed  away  in 
exposed  situations.     In  this  respect  it  agrees  with  the  carbonife- 

*  The  trappean  rocks  in  Devon  and  Cornwall  are  veiy  commonly  known  by  the 
^»aeotdiauiome,  the  harder  being  not  unfrequently  termed  iron  or  ire  9tone,  parttcu- 
^7  ia  the  latter  county.  Much  of  the  vesicular  trap  and  trappean  ash  is  known  as 
^"^tyamb  duHj  especially  in  Devon,  and  land  upon  it  is  always  highly  esteemed  by 
^  ftfmer.  Mr.  Worgan  (View  of  the  Agriculture  of  Cornwall,  p.  10)  observes  that 
vbciever  the  dun,  or  ironstone,  is  met  with  in  Cornwall,  '<  it  is  deemed  a  fortu- 
^^  circumstance,  being  a  certain  indication  of  the  fertility  of  the  incumbent 
•or 
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rous  limestone  on  the  north  of  the  district,  near  Weston-super- 
Mare  and  Uphill,  as  might  be  expected  from  the  similarity  of  their 
mineral  composition.  The  range  of  the  red  and  variegated  slat? 
beds  of  the  grauwacke  may,  upon  the  whole,  be  considered  as 
among  the  most  productive  of  that  series  in  Cornwall  and  Devon, 
and  very  frequently  much  barley  is  successfully  grown  upon  it. 
Thus,  much  barley,  often  malted,  is  exported  from  Kingsbridgeand 
Padstow,  grown  upon  the  red  and  variegated  slates  of  the  countrj- 
adjoining  those  places.  The  red  slates,  particularly  when  they 
contain  some  calcareous  matter,  are  favourable  also  to  the  growth 
of  apples,  as  upon  the  banks  of  the  Dart  and  Fowey. 

As  in  the  north,  in  those  localities  where  the  sandstones  proail, 
there  is  less  fertility  than  where  slates  occur.  According  to  the 
general  mineral  composition  of  the  latter  is  also  their  character  of 
heavy  or  light;  those  most  approaching  to  clay  slates  being  liable, 
where  the  drainage  is  imperfect,  to  become  clayey.  They  gene- 
rally support  a  fine  growth  of  oak,  as  is  well  seen  in  the  numerous 
sheltered  valleys  of  southern  Cornwall  and  Devon.  The  band  of 
grauwacke,  including  the  associated  limestones  and  trappean 
rocks,  which  ranges  from  Ashburton,  Newton  Bushell,  and  Tor- 
bay,  between  the  granite  of  Dartmoor  and  the  mica  slates  of 
Marlborough  and  Chivelstone,  to  Plymouth,  and  thence  along  the 
southern  shores  of  Cornwall  by  the  Looes,  Fowey,  Veryan,  and 
Falmouth,  to  the  northern  part  of  the  Lizard  district,  may  be 
considered,  upon  the  whole,  the  most  fertile  part  of  the  Cornish 
and  South  Devon  grauwacke,  especially  the  more  eastern  part 
between  the  Tamar,  Torbay,  and  Newton  Bushell.  Other  minor 
areas,  no  doubt,  afford  equally  good  land ;  as,  for  instance,  the 
vicinity  of  Penzance,  a  tract  the  superior  fertility  of  which  has 
been  pointed  out  by  Dr.  Paris,  and  correctly  referred  by  him  to 
the  decomposition  of  the  greenstone  rocks  which  there  abound. 
He  states  that,  when  he  wrote  (1818),  a  belt  of  land  around  that 
town,  of  1000  acres,  produced  an  annual  rent  of  10,000/.* 

The  mining  districts  have  often  a  very  barren  aspect,  inde- 
pendently of  the  destruction  of  vegetation  produced  by  mining 
operations  on  the  surface.     We  have  frequently  found  the  ground 

*  Observations  on  the  (Seologieal  Structure  of  Cornwall,  with  a  view  to  tnee  iti 
connection  with  and  ioflueoce  upon  its  Agricultural  Economy,  and  to  establish  i 
rational  System  of  Improvement  by  the  scientific  application  of  Mineml  Manure.— 
Trans.  Geol.  Soc.  of  Cornwall,  vol.  i.  p.  188. 
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covered^  in  such  situations,  by  a  thin  bed  of  quartz  fragments, 
composed  apparently  of  the  parts  of  those  minor  veins  which  often 
abundantly  traverse  such  countries  in  diflFerent  places.  It  would 
appear  as  if,  during  the  decomposition  of  the  general  surface  by 
meteoric  influences,  and  the  removal  of  the  finer  particles  of 
^  the  slates  by  rains,  these  fragments  had  gradually  accumulated 
on  the  surface,  rendering  it  even  less  fertile  than  it  would  other- 
wise be.* 

Judging  from  the  Lizard,  the  soil  on  the  serpentine  is  far  from 
fertile,  frequently  retaining  the  water  on  its  surface,  so  that 
swamps  and  marshy  places  are  common.  Even  on  the  slopes  of 
the  hills,  where  the  natural  drainage  is  good,  little  can  be  said  for 
its  agricultural  qualities,  though  we  have  here  and  there  seen 
some  fair  grass  land,  and  better  corn  crops  than  might,  at  first 
sight,  be  anticipated.  As  is  well  known,  the  serpentine  of  the 
Lizard  offers  a  marked  example  of  a  particular  plant,  the  Erica 
pagans,  a  very  beautiful  heath,  keeping  to  the  soil  upon  it,  so 
that  the  boundary  of  the  serpentine  against  the  other  rocks  may 
be  fairly  traced  by  its  aid ;  indeed  this  plant  is  rarely  found  be- 
yond it.  The  general  barren  character  of  the  serpentine  of  the 
Lizard  contrasts  very  forcibly  with  the  soil  on  the  adjoining  dial- 
lage  rock  and  sienite,  among  the  most  fertile,  if  not  the  most 
fertile,  of  the  lands  in  the  district.  As  Dr.  Paris  observes,  '^  the 
lands  between  the  church  (of  St.  Keverne)  and  Coverack  Cove 
constitute  one  of  the  most  extraordinary  districts  in  the  kingdom^ 
presenting  a  rare  combination  of  rudeness  and  fertility ;  gigantic 
boulders  of  sienite  (and  diallage  rock),  lying  scattered  in  all  di- 
rections, and  yet,  in  point  of  luxuriant  fruitfulness,  this  country 
may  be  denominated  the  garden  of  Cornwall.*' f  It  affords,  indeed, 
a  good  example  of  the  unequal  decomposition  of  a  rock,  so  that 
while  it  is  sufficiently  disintegrated  in  places  that  pits  may  be 

*  QuATtz  is  commonly  known  by  the  name  of  spar  in  western  Cornwall,  and  as  white- 
acre  in  eastern  Cornwall  and  part  of  Devon.  Mr.  Worgan,  noticing  the  loose  quarts 
fragments  of  various  sizes  dispersed  over  the  surface  in  many  parts  of  Cornwall,  and 
that  it  may  be  sometimes  profitable  to  remove  them,  states,  that  **  Mr.  James,  of 
St  Agnes,  cleared  a  large  field  of  spar,  by  screening  the  whule  mass  of  spar  and 
earth,  as  deep  as  the  yellow  substratum,  in  the  same  manner  as  masons  screen  the 
earth  for  their  mortar ;  and  the  experiment  answered  well,  although  it  cost  40/.  per 
acn:  the  land  was  afterwards  let  for  3/.  per  acre,  and  the  stones  were  purchased  to 
make  a  road."    (View  of  the  Agriculture  of  Cornwall,  p.  1 1.) 

t  Trans.  Geol.  Soc.  of  Cornwall,  vol.  i.  p.  189. 
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formed,  and  the  decomposed  rock  taken  away  for  manure,  in 
others,  hard  blocks  are  scattered  over  the  ground  or  rise  in  tors 
through  it ;  and  it  also  exhibits  an  instance  of  the  fertility  of  a  soil 
chiefly  derived  from  the  decomposition  of  hornblende,  or  diallage, 
and  felspar,  the  crystallization  being  large  grained. 

The  hornblende  slate  and  rock  of  the  Lizard  is  also  extremely 
fertile,  contrasting  strikingly  with  the  serpentine,  which  it  bounds 
in  many  places,  and  through  which  it,  indeed,  rises  in  small 
patches  hi  one  or  two  localities,  so  that  it  is  necessary  not  to  con- 
found the  more  abundant  vegetation  upon  it  with  a  growth  upon 
the  serpentine.     Some  land  near  Lizard  town,  upon  hornblende 
slate  was,  after  being  enclosed,  not  manured  for  several  years, 
though  frequently  cropped  with  barley  and  wheat;  so  fertile  b 
the  soil  upon  that  rock.     No  doubt,  from  the  mild  temperature  of 
the  Lizard  district,  where  snow  is  rarely  seen  to  rest  upon  the 
ground,  vegetation  may  possess  advantages  upon  a  given  rock, 
which  it  would  not  have  in  colder  parts  of  Cornwall- or  Devon; 
but  as  at  the  same  time  it  is  much  exposed  to  sea  winds,  which 
often  sweep  over  it  with  great  fury,  and  as  the  slates,  greenstones, 
hornblende  rocks,  diallage  rock  and  sienite,  serpentine  and  talco- 
micaceous  rocks,  are  all  exposed  to  the  same  conditions,  the  con- 
trast afforded  by  the  varied  fertility  upon  these  mineral  compounds 
is  highly  instructive,  and  illustrative  of  the  fact,  that  soils  do,  all 
other  things  being  equal,  mainly  depend  on  their  subjacent  rocks 
for  their  agricultural  character."" 

Dr.  Paris  has  pointed  out  that  the  relative  fertility  of  the  gra- 
nitic soil  of  Cornwall  would  appear  greatly  to  depend  upon  the 
abundance  and  easily-decomposible  character  of  the  felspar  in 
the  subjacent  rock ;  and  he  has  also  remarked  that  the  relative 
proportion  of  mica  would  seem  to  have  an  appreciable  effect  upon 
such  soils,  tending  to  render  them  poor,  while  the  iron  in  some 
may  become  an  useful  element  in  them.f  Our  own  observations 
would  tend  to  confirm  this  view,  due  allowances  being  made  for 

*  Speaking  of  the  fertility  of  some  lands  in  Mullion  and  other  places  near  th« 
Lizard,  Dr.  Borlase  uotices  that  in  his  time  barlej  had  been  sown,  and  that  **  in 
nine  weeks  commonly,  oftentimes  sooner,  they  have  had  it  again  in  the  sack,  fit  for 
market.  This  quick  return,"  he  continues,  *'  is  not  owing  to  any  particular  sort  of 
barley,  but  to  the  soil  and  situation,  and  a  kindly  warm  season,  the  nights  in  the 
summer  time  on  the  sespcoasts  being  seldom  or  ever  cold.*' — ^Natural  HiftoiJ  of 
Cornwall,  (1758  j,  p.  87. 

f  Trans.  Oeol.  Soc.  of  Cornwall,  vol.  i.  pp.  173,  174. 
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exposure  to  atmospheric  influences.  These  would,  however,  seem 
very  considerably  to  influence  the  agricultural  character  of  the 
granitic,  or  growan*  soils,  as  they  are  generally  termed.  For 
instance,  we  have  been  unable  to  detect  any  appreciable  difference 
between  much  of  the  granite  on  the  high  land  of  Dartmoor  and 
that  in  the  Scilly  Islands,  in  places  where  both  were  well  decom- 
posed. In  the  Scilly  Islands,  particularly  in  St.  Mary's,  there 
is  much  growan  land  which  is  fairly  fertile,  producing  good  crops 
of  potatoes,  wheat,  barley,  and  grass,  while  Dartmoor  is  merely 
covered  by  heath  and  coarse  grass,  and  peat  is  abundant.  In 
one  case  we  have  islands  in  the  Atlantic  of  small  relative  height, 
and  upon  which  it  is  rare  to  see  snow ;  while  in  the  other  there  is 
an  extensive  area  in  the  interior,  varying  from  1,400  to  2,000  feet 
above  the  sea,  on  which  fogs  are  frequent,  and  snow  often  falls  and 
rests  before  it  is  seen  on  the  lower  grounds.  The  country  around 
Moreton  Hampstead,  several  hundred  feet  lower  than  the  mass  of 
Dartmoor,  of  which  it  is  the  geological  continuation,  being  composed 
of  a  portion  of  the  same  mass  of  granite,  forms  a  striking  contrast 
as  to  fertility  with  the  high  land  on  the  west  of  it.  The  grass 
land  is  generally  good,  tolerable  crops  of  barley  are  obtained  from 
it,  and  the  potatoes  grown  are  very  highly  esteemed  and  readily 
purchased  at  the  Exeter  market,  one  to  which  the  products  of 
many  fertile  lands  are  brought ;  yet  the  general  character  of  the 
granite  round  Moreton  Hampstead,  and  of  that  upon  much  of 
the  adjcHuing  high  land  of  Dartmoor,  is  mineralogically  the 
same. 

Judging  from  Devon  and  Cornwall,  there  are  few  soils  which 
are  more  affected  by  relative  elevation  above  the  level  of  the  sea, 
in  the  climate  there  found,  than  the  growan,  or  granitic  soils. 
No  doubt  there  may  be  some  variation  in  the  mineralogical  cha- 
racter of  the  subjacent  granites,  and,  consequently,  of  their  relative 
productiveness;  but,  nevertheless,  there  is  a  very  constant  and 
prevailing  kind  of  granite  which  readily  decomposes,  forming  a 
large  part,  with  the  exception,  probably,  of  that  in  the  Hens- 
borough  boss,  to  be  found  in  the  whole  of  them,  between  the 
relative  fertility  of  the  soil  above  which,  according  to  locality, 
very  useful  comparisons  may  be  instituted.  Dr.  Boase  has  indeed 
already  remarked   that  the  fertility  of  the  granitic   groups  of 

*  Growam  U  the  Coraith  name  for  graveL 
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Cornwall  gradually  increases  as  they  diminish  io  elevation,*  an 
observation  which  may  very  properly  be  extended  to  Devonshire. 
The  granitic,  or  growan  soil,  is  one  which  frequently  requires 
rain,  of  which,  however,  there  is  no  want  generally  in  the  district, 
and  the  grass  grown  upon  it  is  considered  good  for  feeding  cattle. 
Under  fair  conditions  as  to  height  and  exposure,  it  is  very  com- 
monly celebrated  for  producing  good  potatoes,  f     Barley  and  oats 
are  chiefly  cultivated  upon  it  where  employed  for  arable  land, 
wheat  being  rarely  a  successful  crop  except  in  a  few  situations, 
among  which  St.  Marj^'s,    Scilly,  and  land  in  the  parishes  of 
Burian,  Sennen,  and  St.  Leven,  in  the  Land's  End  district,  are 
the  most  remarkable.;];     Oaks,  ash,  and  sycamores,  grow  well 
upon  the  growan  soils  in  sheltered  situations,  and  where  sufficient 
attention  is  paid ;  of  which  the  grounds  of  Trebartha  Hall,  near 
North  Hill,  afford  as  good  an  example  as  any  we  can  select. 

Peat  is  very  common  upon  the  granitic  soils,  more  especially 
where  the  land  rises  high.  Dartmoor  produces  a  large  quantity 
of  this  substance,  which  is  much  employed  as  common  fuel  in  the 
country  adjoining  it. 

It  has  been  considered  that,  at  the  junction  of  the  granite  and 
slates  in  Cornwall,  the  soil  is  considerably  improved  by  the  mLv 
ture  of  the  decomposed  portions  of  each  rock ;  and  Dr.  Paris  states 
that  this  fact  is  very  observable  in  many  places,  more  particularly 
pointing  out  the  superior  fertility  of  this  kind  of  junction  at 
Trengwainton,  near  Penzance,  from  Chyoon  to  Mousehole  (famous 
for  producing  two  crops  of  potatoes  in  the  year),  in  the  vicinity 
of  Penryn,  at  St.  MichaeFs  Mount,  and  at  Pendarves.     This  may 

*  Trans.  Geol.  Society  of  Corawall,  toI.  W.  p.  365. 

f  Mr.  Worgan  observes  that  '*  if  Corawall  does  not  grow  wheat  enou^  for  its  in- 
habitants, it  certainly  has  the  merit  of  supplying  other  counties  with  Urge  (jiun- 
titles  of  potatoes.*" — (View,  &c.,  p.  75.)  He  further  remarks  that,  not  only  aR 
many  thousand  bushels  annually  sent  to  Plymouth  and  Portsmouth,  but  that  (lA 
1808)  some  ship-loads  were  exported  to  London.  Much  of  this  produce  is  grova 
upon  the  growan  soils,  and  the  export  would  appear  as  considerable  as  ever.  la- 
deed  large  quantities  are  now  forwarded  to  London  by  the  Dublin  steamers  which 
touch  at  Falmouth,  and  early  potatoes  are  thus  introduced  abundantly  into  the 
London  market.  The  vicinity  of  Peniance  contributes  largely  to  this  early  produce, 
chiefly  there  grown,  however,  upon  the  greenstone  soils. 

I  Mr.  Worgan  states  (View  of  the  Agriculture  of  Cornwall,  p.  9),  that  from  40  to  4) 
Winchester  bushels  of  red  wheat,  per  Cornish  acre,  have  been  raised  upon  the  Un<ls 
of  these  three  last-mentioned  parishes*  the  Cornish  being  larger  then  the  oommoo 
statute  acre>  in  the  proportion  of  about  6  to  5. 
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no  doubt  be  true  in  many  cases^  but  it  is  far  from  being  a  general 
fact    Indeed  we  can  readily  perceive  that  the  benefit  of  such  a 
mixture  must  depend  upon  the  raineralogical  character  of  both 
rocks  at  their  junction ;   now  as  these  vary  materially,   so  we 
should  consider  would  be  the  agricultural  value  of  the  effect  pro- 
duced.   Those  parts  of  the  Hensborough  or  St.  Austell  granite 
which  contain  much  schorl,  as  a  large  portion  of  the  western  side 
does,  are  far  from  fertile,  and  the  altered  slate  rocks  in  contact 
with  them  are  often  steril,  as  may  be  seen  on  Fatwork  Hill. 
The  like  may  be  seen  on  Castle-an-Dinas  and  Belovely  Beacon. 
A  large  proportion  of  the  skirts  of  Dartmoor  is  poor  land,  espe- 
cially those  parts  which  come  into  contact  with  the  carbona- 
ceous series.     In  those  situations  where   the   decomposed  drift 
from  the  trappean  rocks    has  mingled  with  the  soil,  as  near 
Tavistock,  Okehampton,  Bridford,   Cristow,  and   Hennock,   the 
soil  is  much  improved,  and  being  close  to  the  granite,  so  that  the 
disintegrated  portions  of  the  latter  are  occasionally  washed  down 
and  mingled  with  it  at  the  same  time,  the  opinion  above  noticed 
might  appear  to  be  more  borne  out  in  those  situations  than  it 
really  is.     As  the  granite  is  more  constant  in  its  mineralogical 
character  than  the  rocks  which  come  into  contact  with  it,  and 
generaDy  become  more  or  less  altered,  often  a  sufficient  reason  in 
itself  for  their  decomposed  portions  to  be  more  fertile  than  they 
might  otherwise  be,  probably  the  benefit  that  may  be  derived 
^m  any  mixture  of  the  growan  and  schistose  soils  mainly  depends 
upon  the  mineral  composition  of  the  slates  near  their  junction  with 
the  granite. 

The  alluvial  lands,  though  generally  fertile,  vary,  as  might  be 
expected,  according  to  the  mineralogical  composition  of  the  rocks 
from  which  they  have  been  chiefly  derived,  as  may  be  seen  by 
comparing  the  flat  lands  bordering  the  rivers  in  numerous  places. 
Let,  for  example,  the  alluvial  land  on  the  banks  of  the  Culm, 
traversing  red  marl  and  sandstone,  be  compared  with  that  between 
Sheepwash  and  Monks  Okehampton  on  the  banks  of  the  Tor- 
ndge,  flowing  among  the  carbonaceous  series,  or  with  many 
among  the  granitic  districts,  and  there  will  be  little  difficulty  in 
perceiving  the  superior  fertility  of  the  former.  Numerous  com- 
pounds would  appear  to  be  effected,  in  some  places  producing 
better  soils  than  each  rock  separately  affords ;  of  this,  probably, 
fhe  alluvial  lands  among  the  limestones  and  slates  of  the  grau- 
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therefore  contributes  little,  by  decomposition^  to  the  superjacent 
soil ;  hence  we  find  no  area  of  importance  presenting  the  marked 
agricultural  character  of  the  chalk  portions  of  the  adjacent  coun- 
ties on  the  eastward.     The  chalk  and  green  sand  are,  indeed, 
generally  so  completely  covered  by  the  gravels  which  we  have 
previously  noticed  (p.  395),  that  those  parts,  represented  in  the 
maps  as  composed  of  these  rocks,  afford  a  very  common  agricul- 
tural character,  and  cannot  on  the  whole  be  considered  fertile. 
Downs  of  heath  and  furze  are  very  common  upon  these  gravels; 
and  those  portions  cultivated  as  arable  land  abound  in  flints  and 
fragments  of  chert.    The  gravels  also  frequently  contain  much 
clayey  matter  intermingled  with  them,  so  that  water  does  not 
readily  percolate  through  them,  and  black  peaty  soils  are  often 
observed.     In  places  where  marls,  probably  the  remains  of  the 
plastic  clay  beds,  are  found  near  the  surface,  the  agricultural  cha- 
racter of  the  land  above  the  chalk  and  green  sand  is  much  im- 
proved, and  the  country  more  fertile.     In  those  situations  in  the 
Black  DownSy  where   the  gravels  have  not  descended  thickly 
spread  over  the  sides  of  the  hills  upon  the  red  marls^  or  lias,  be- 
neath the  green  sand,  the  contrast  offered  between  the  agricultural 
condition  of  the  country,  upon  the  one  and  the  other,  is  remarkably 
striking ;  indeed  a  well-marked  line  of  heath  and  common  nearly 
coincides  with  the  division  between  the  two  rocks.     Haldon  Hills 
also  afford  good  examples  of  the  contrast  between  the  vegetation 
upon  the  green  sands,  with  their  gravel  covering,  and  upon  the 
rocks  beneath  them. 

When  the  agricultural  character  of  the  lias  is  compared  with 
that  of  the  red  marl  and  sandstone  adjoining  it^  a  very  striking 
general  superiority  is  observed  in  the  latter.  Good  opportunities 
for  observing  this  circumstance  are  afforded  by  the  Vale  of  Taun- 
ton, where  both  rocks  occur  under  similar  general  conditions  as 
to  climate.  It  will  be  seen  also  in  the  neighbourhood  of  Bridge- 
water,  in  that  of  Watchet,  and  near  Uphill  and  Worle,  in  the  vici- 
nity of  Weston-super-Mare,  on  the  north,  and  in  the  valley  of  the 
Axe  on  the  south.  Excellent  grass-land  is  often  seen  on  the  lias, 
as  also  many  good  orchards;  but  in  general  the  arable  land 
upon  it  seems  not  very  remarkable  for  abundant  produce.  Oaks, 
as  might  be  expected,  often  grow  well,  particularly  upon  the  marly 
or  clayey  parts, 

Taken  as  a  whole  the  area  occupied  by  the  red  sandstone 
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series  is  one  of  considerable  fertility,  especially  when  uncovered  by 
transported  gravels.  The  red  marls,  with  their  higher  variegated 
parts  adjoining  the  lias,  would  appear  very  favourable  for  the 
growth  of  apples;  and  the  cider  obtained  from  their  range  is 
commonly  found  to  be  very  excellent,  when  sufficient  attention  is 
paid  to  the  mode  of  making — an  attention  not  so  common  as 
could  be  desired.  The  cider  obtained  from  the  red  and  variegated 
marls  of  the  Vale  of  Taunton,  and  that  made  in  the  valleys  of  the 
Otter,  the  Coly,  the  Yart,  and  the  Axe,  where  they  cut  into  the 
same  beds,  and  the  surface  is  fairly  clear  of  gravel,  may  be  taken  as 
examples  of  this  circumstance.  In  many  places,  also,  where  beds 
of  red  marl  are  intermingled  with  the  sandstones  and  conglo- 
merates of  the  other  parts  of  the  series,  or  the  latter  contain  much 
marly  matter,  the  same  fact  will  be  observed.  Some  of  the  best 
lands  in  Somerset  and  Devon  are  upon  the  red  sandstone  series ; 
and  the  general  rich  appearance  of  the  vegetation  it  bears,  more 
particularly  where  the  soil  is  directly  based  upon  it,  so  that  its 
component  parts  have  been  superficially  decomposed  to  form  the 
chief  part  of  such  soU,  is  one  of  the  marked  features  of  the  country. 
No  doubt  as  these  component  parts  vary,  so  does  the  fertility ; 
but  there  are  few  soils  of  any  great  extent,  composed  really  of  de- 
composed portions  of  the  red  sandstone  series,  which  are  not  rich 
in  general  products.  Their  different  porosity  certainly  causes 
minor  variations,  some  of  the  marly  grounds  being  inclined  to  be 
wet,  while  some  of  the  sandstone  grounds  are  too  dry.  The  upper 
beds  are  most  disposed  to  be  wet  and  clayey,  while  of  the  too  great 
porosity  of  sub-soil  rock,  the  localities  are  more  scattered. 

Taken  as  a  whole,  the  contrast  between  the  fertility  of  the  soil 
on  the  beds  of  the  red  sandstone  series,  and  that  on  the  rocks 
upon  which  it  rests,  is  marked  and  striking,  and  much  in  favour 
of  the  former.  As  the  country  formed  of  this  series  generally 
occupies  a  lower  position  than  that  composed  of  these  subjacent 
rocks»  it  may  be  said  that  it  is  more  sheltered,  and  that  often  this 
contrast  is  deceptive,  the  lower  and  less  exposed  portions  of 
ground  deriving  the  usual  advantages  from  position.  If,  however, 
we  take  the  country  between  Tiverton  and  Bradninch,  where  beds 
of  the  red  sandstone  are  mingled  on  the  surface  with  those  of  the 
carbonaceous  series,  at  equal  heights  and  under  similar  general 
conditions  as  to  climate,  or  that  near  Cadbury  and  Stokeleigh 
Pomeroy,  where  the  former  occupy  the  highest  ground,  their 
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If  we  take  the  produce  of  Padstow  harbour  as  only  a  fifth,  then  we 
should  have  7,000,000  cubic  feet  thus  distributed. 

As  may  be  readily  conceived,  numerous  local  causes  tend  to 
diminish  or  increase  the  value  of  the  sands  along  the  coast ;  gene- 
rally speaking,  the  harder  the  coast  and  the  less  the  detritus  that 
can  be  worn  from  it,  the  greater  the  proportion  of  the  comminuted 
shells  in  a  given  portion  of  sand.  The  easier  also  the  streams 
or  rivers  flowing  towards  the  shelly  sands  can  deposit  the  sandy 
detritus  they  may  bring  down  in  floods  before  they  reach  the 
shelly  banks,  the  finer  the  sand.  We  have  found  the  sands, 
considered  worth  removal  for  agricultural  purposes,  to  vary  from 
40  to  70  per  cent,  in  their  calcareous  contents.  Dr.  Paris  states 
that  the  samples  of  sand  usually  employed,  and  which  he  exa- 
mined, contained  from  60  to  64  per  cent,  of  carbonate  of  lime. 
Probably  this  may  be  taken  as  a  fair  average  proportion.  The 
same  author  suggests  that,  though  unquestionably  the  beneficial 
effects  of  this  mineral  manure  depend  on  the  presence  of  the 
calcareous  matter,  the  sea  salt  with  which  it  is  impregnated  con- 
tributes materially  to  its  fertilizing  powers;  citing  as  a  fact,  bearing 
strongly  in  favour  of  this  opinion,  that  the  farmers  send  several 
miles  to  the  harbour  of  Padstow  for  the  sand  which  is  drifted  close 
to  them.*  The  farmers  certainly  seem  to  prefer  the  sand  which 
the  tide  has  just  left,  and  which  must  consequently  contain  much 
saline  matter.  It  often  also  then  contains  fragments  of  sea-weed, 
and  occasionally  fresh  animal  matter  derived  from  dead  marine 
creatures,  among  which  are  the  tenants  of  microscopic  shells  still 
little  decomposed  in  them. 

Road  Materials. 

As  the  ability  of  maintaining  good  roads,  however  skilfully  they 
may  have  been  planned,  greatly  depends  upon  the  facility  of 
providing  proper  materials  for  them,  the  geological  structure  of  a 
district  is  necessarily  important  as  to  the  power  of  forming  eflScient 
means  of  communications  through  its  various  parts.  That  under 
consideration  is,  as  a  whole,  extremely  well  supplied  with  fair 

*  Trans.  Geol.  Society  of  Cornwall,  p.  194.  Borlase  has  obaeived  that  the  saltar 
the  sand  the  better  it  was  for  agricultural  purposesw — (Kat.  Hist  Cornwall,  p.  82.) 
<^  Blown  sand,**  he  sajs,  *'  which  has  heen  \onf^  exposed  to  the  air,  is  good  for  little, 
its  salts  are  so  wasted  by  wind  and  rain." — (lb.  83.) 
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material  For  this  purpose^  and  occasionally  with  some  which  can- 
not be  exceeded  in  its  quality. 

In  general,  road  surveyors  and  commissioners  of  turnpikes  are 
too  apt  to  consider  that  a  very  hard  material  must  necessarily  be 
the  best  for  the  roads,  not  perhaps  always  reflecting  that  toughness 
is  also  a  very  essential  quality.  Road-stones  have  to  resist  both 
friction  and  pressure— friction  chiefly  caused  by  the  blows  from 
horse-shoes,  the  aggregate  amount  of  which  is  very  considerable 
over  a  mile  of  a  well-frequented  road ;  and  pressiu*e,  principally 
produced  by  the  weights,  often  great  and  upon  narrow  wheels, 
drawn  over  them.  Hence  a  road-stone  should  be  both  hard 
and  tough,  qualities  which  are  not  always  attainable  in  the  same 
rock. 

Upon  the  chalk  and  green  sand  of  the  district,  covered  as  they 
are  by  flint  and  chert  gravel,  there  is  no  deficiency  in  good  ma- 
terial, though  certainly,  on  some  of  the  bye  roads  upon  these 
rocks,  it  cannot  at  present  be  said  that  it  is  always  laid  upon  them 
in  the  most  effective  manner.  We  also  sometimes  see,  on  the 
part  of  the  surveyors,  a  choice  of  the  flint  instead  of  the  chert 
gravel,  where  both  are  to  be  had  equally  cheap  and  plentiful, 
because  it  is  the  hardest.  Being,  however,  comparatively  brittle, 
the  flint  is  greatly  inferior  to  the  chert,  which  is  both  tough  and 
hard,  making  a  far  better  road,  as  may  be  observed  in  some  of 
the  lines  of  turnpike  traversing  the  Black  Down  Hills  and  their 
geological  equivalents  nearer  the  southern  coast,  where  both  are 
employed,  according  to  the  different  views  of  the  commissioners 
or  their  surveyors. 

As  much  of  the  flint  and  chert  gravel  is  scattered  over  the  lias 
and  red  marl  and  sandstone  adjoining  the  green  sand  and  chalk 
hills,  facilities  are  afforded  for  making  good  roads  over  them 
which  they  would  not  otherwise  possess,  for  even  the  lias  lime- 
stone is  an  indifferent  road  material,  as  may  be  observed  in  the 
vicinity  of  Langport  and  Somerton,  being  neither  hard  nor  tough, 
and  therefore  easily  pulverised,  becoming  muddy  in  rain,  and 
dusty  in  dry  weather.  Independently  of  the  chert  and  flint 
strewed  over  much  of  the  red  marl  and  sandstone,  conglomerate 
beds  in  the  lower  part  of  that  series,  and  gravel,  such  as  that  of 
Straightway  Hill  (p.  396,  fig.  72),  also  scattered  over  it  towards 
Exeter,  afford  fair  road  materials.  The  neighbourhood  of  the 
Haldons  is  supplied  either  with  the  flint  and  chert  gravel,  brought 
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from  tbem,  or  scattered  over  the  adjoining  lower  ground,  or  {rom 
some  conglomerates  of  the  red  sandstone  series.  When  suffici- 
ently hard,  the  trappean  rocks,  associated  with  the  latter  series, 
are  employed  for  road-stones ;  as  near  Thorverton;  Silvcrton,  Kel- 
lerton,  Posbury,  and  Exeter.  If  well  selected,  for  hardness  and 
toughness  combined,  they  make  excellent  roads;  that  from  parts 
of  Posbury  Hill  is  particulariy  good.  The  siliceous  pebbles  re- 
jected by  the  lime-burners  from  the  conglomerate  with  a  mag- 
nesian  cement,  between  Thorn  St.  Margaret,  and  Fitzhead,  and 
extending  thence  towards  Williton,  supply  materials  for  the 
country  adjoining,  when  there  is  insufficient  transported  grarel  for 
the  purpose. 

The  beds  of  the  carbonaceous  series  affi^rd  materials  of  very 
variable  quality.  Those  beds  which  approach  chert,  as  is  often 
the  case  in  some  localities,  are  the  best  Fair  roads  composed  of 
this  material  may  frequently  be  seen,  somewhat  marked  in  ap- 
pearance when  rendered  black  by  the  admixture  of  carbonaceous 
matter ;  as  between  Barnstaple  and  South  Molton.  The  ordi- 
nary sandstones,  unless  somewhat  cherty,  do  not  form  good  roads, 
being  readily  crushed ;  and  when  the  cementing  matter  of  the 
grains  is  argillaceous,  as  often  happens,  easily  reduced  to  mud. 
The  roads,  therefore,  in  the  area  occupied  by  the  carbonaceous 
series  are  very  variable,  independently  of  the  differences  caused 
by  the  unequal  amount  of  skill  in  the  surveyors,  both  parish  and 
turnpike.  While  some  of  the  cross-roads  are  in  wretched  condi- 
tion, from  the  want  of  good  materials  within  a  reasonable  distance, 
others  are  hard,  however  indifferently  they  may  be  placed  on 
them,  from  their  proximity.  There  is,  nevertheless,  generally, 
throughout  the  area  occupied  by  the  carbonaceous  series,  a  suffi- 
cient mixture  of  sandstones  with  the  shales  to  ensure  good  main 
parish  roads,  with  ordinary  traffic  upon  them.  The  limestones, 
where  they  occur,  are  commonly  too  precious  to  be  employed  for 
roads ;  though,  near  those  places  where  they  occur,  the  roads  are 
sometimes  advantageously  repaired  with  them.  Towards  the  south, 
where  trappean  rocks  (many  of  which  are  hard  and  tough)  are 
intermingled  with  this  series,  the  roads  formed  with  them  are 
necessarily  good,  and  quarries  among  them  are  common  for  that 
purpose. 

With  respect  to  the  area  occupied  by  the  ordinary  grauwacke, 
there  is  also  much  variety  of  road  materials.     In  North  Devon 
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and  Western  Somerset^  where  bands  of  very  different  mineral 
structure  range  across  the  country,  we  find  the  power  to  procure 
good  materials  for  roads  to  correspond  with  them.  Thus,  while 
upon  the  range  of  the  hard  sandstones  of  the  Foreland  and  the 
Hangman  Hills,  a  fair  material  is  to  be  obtained  by  opening 
quarries  close  to  the  road ;  upon  the  argillaceous  slates,  it  must 
be  procured  from  variable  distances,  and  when  the  expense  of  so 
doing  becomes  heavy,  the  main  communications  are  alone  well 
kept,  and  the  minor  lanes  become  almost  impassable  in  wet  wea- 
ther from  their  clayey  character.  According,  therefore,  to  the 
mioeralogical  character  of  the  respective  parts  of  the  grauwacke 
of  North  Devon  and  Western  Somerset,  may  we  expect  to  find  the 
power  of  procuring  good  road  materials,  the  actual  state  of  the 
roads  depending  greatly  in  the  relative  facility  with  which  that 
power  is  brought  into  action. 

On  the  South,  from  the  mixture  of  hard  beds  with  the  more 
common  argillaceous  slates  in  many  places,  the  frequent  occur- 
rence of  limestones,  trappean  rocks,  and  elvans  among  the  grau- 
wacke^  the  indurated  character  of  many  of  the  altered  beds  near 
the  granite,  and  the  multitude  of  quartz  veins  traversing  the 
rocks  in  many  localities,  there  are  few  portions  of  the  area  there 
occupied  by  the  grauwacke  series  without  the  power  of  readily 
procuring  good  materials  for  roads.  Where  the  hard  and  tough 
limestones  are  sufficiently  abundant  to  be  broken  up  for  road- 
stones,  as  is  the  case  near  Newton  Bushell,  Torquay,  Brixham, 
Yealmpton,  and  Plymouth,  good  roads  are  the  consequence ;  due 
allowance  being  made  for  the  necessary  care  in  construction. 
Some  of  these  limestones  are  carried  by  water  to  less  favoured 
localities ;  as,  for  instance,  from  Plymouth  to  the  argillaceous 
slate  country  near  Kingsbridge. 

The  hard  and  tough  trappean  rocks,  associated  with  the  grau- 
wacke of  South  Devon  and  Cornwall,  form  the  best  road  material 
of  the  whole  district,  and  some  of  them  can  scarcely  be  exceeded 
for  their  value  in  this  respect.  Greenstone  has  already  been 
advantageously  shipped,  as  a  road  material,  from  the  Dart  to 
London,  and  employed  in  some  parts  of  the  suburbs  of  the  me« 
tropolis.  It  would  be  difficult  to  find  a  substance  better  calcu- 
lated to  resist  the  great  wear  of  the  streets  in  London  than  the 
hard  and  tough  greenstone  of  Treluswell^  near  Penryn,  which 
might  be  exported  at  comparatively  small  cost  from  the  latter 
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place.  So  tough  and  hard  is  this  greenstone,  that  though  the 
material  was  acknowledged  to  be  excellent,  the  commissioners  of 
the  adjoining  turnpike  trusts  were  compelled  to  relmquish  the 
use  of  it,  from  the  mere  cost  of  breaking  it ;  an  objection  that 
would  be  scarcely  urged  against  its  use  in  the  streets  of  a  great 
metropolis. 

The  elvans  are  often  used  as  road-stones,  and  when  well  se- 
lected for  combined  toughness  and  hardness,  constitute  an  excel- 
lent material  for  that  purpose.  Among  the  toughest  and  hard- 
est we  have  observed,  may  be  noticed  that  which  traverses  the 
greenstone  at  Burnt  House,  on  the  road  from  Penryn  to  Redruth. 
Its  extensive  use,  however,  would  necessarily  be  limited  from  its 
mode  of  occurrence  and  the  comparatively  small  breadth  of  the 
dyke.  The  use  of  compact  elvans,  when  well  chosen,  renders 
many  of  the  Cornish  roads  excellent 

Generally  speaking,  the  roads  constructed  with  quartz  are  very 
uneven.  This  substance  is  commonly  obtained  from  veins  ia 
which  the  hard  quartz  is  found  irregularly  mingled  with  more 
earthy  portions;  and  while  it  sometimes  occurs  in  large  lumps,  it 
at  others  runs  in  thin  veins  or  strings  in  softer  matter ;  hence, 
when  the  whole  contents  of  a  vein,  for  they  are  seldom  separated, 
are  thrown  upon  a  road,  the  harder  parts  best  resist  the  pressure 
and  fiiction,  and  the  road  becomes  uneven.  From  a  simBar 
cause,  those  roads  which  are  formed  with  the  varied  materials 
rejected  from  the  mines  are  commonly  irregular  on  their  surface. 

The  common  Cornish  and  Devonian  granites  are  far  from 
affording  good  road  materials,  the  felspar  readily  crushing  under 
pressure.  In  all  those  roads  traversing  the  granitic  districts,  and 
upon  which  there  is  a  fair  allowance  of  travelling,  this  fact  will  be 
readily  observed.  In  such  situations,  those  in  charge  of  the  high- 
roads are  commonly  compelled  to  use  the  harder  varieties  of 
schorl  rock,  or  the  compact  elvans,  when  either  can  be  procured 
within  reasonable  distances.  Where  quartzo-schorlaceous  veins 
traverse  the  granite,  as  is  frequently  the  case  in  some  localities, 
they  are  broken  and  employed  for  the  same  purpose.  In  the 
dock-yards  at  Plymouth,  where  very  great  weights  are  often 
moved,  it  is  found  that  pavements  of  Cornish  or  Devon  granites 
do  not  resist  pressure  so  effectually  as  the  sienite  from  Guernsey 
and  Jersey,  and  hence  the  latter  is  employed  for  that  purpose. 
The  diallage  rock  of  the  Lizard  would  probably  be  found  a 
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good  road  material^  a  large  portion  of  it  being  both  hard  and 
exceedingly  tough.  It  would  also  be  excellent  for  pavements 
where  great  weights  are  moved  or  much  traffic  exists^  and  there- 
fore good  for  wharfs^  dock-yards,  and  the  streets  of  towns.  This 
diallage  rock  might  readily  be  exported,  at  comparatively  small 
cost,  from  the  little  pier-harbour  of  Coverack  Cove,  near  which 
place  millions  of  tons,  in  blocks  of  large  size,  are  scattered  neg- 
lected over  the  surface,  particularly  in  the  direction  of  Crousa 
Downs ;  whence  the  name  of  Crousa  stone  for  diallage  rock  in  the 
vicinity  of  St.  Keveme  and  Coverack. 

Building  Stones, 

The  relative  facility  with  which  good  materials  may  be  obtained 
in  a  district  is,  to  a  certain  extent,  marked  by  the  appearance  of 
the  towns  and  villages  in  it,  the  comparative  cost  of  obtaining 
them  being  in  general  better  shown  by  the  character  of  the  ordi- 
nary houses  than  by  that  of  the  public  buildings  and  larger 
mansions,  the  stone  for  which  may  sometimes  have  been  car- 
ried comparatively  considerable  distances.  From  the  frequent 
practice,  however,  of  selecting  those  stones  which  yield  readily  to 
the  tool,  and  are  hence  commonly  termed  freestones,  whatever 
may  be  their  other  mineralogical  characters,  the  most  desirable, 
and  therefore,  eventually,  the  cheapest,  are  far  from  being  always 
employed.  Indeed  it  sometimes  happens  that  we  find  the  com- 
mon cottages  built  of  durable  materials,  while  the  larger  man- 
sions and  public  buildings  are  not ;  the  materials  for  the  latter 
having  been  selected  because  they  were  readily  worked  up  for  the 
ornamental  parts,  while  those  for  the  former  may  have  been 
thrown  aside  in  the  same  quarry  because  they  yielded  less  freely 
to  the  tool. 

In  passing  through  the  chief  towns  of  Great  Britain,  it  will 
be  easily  seen  that  if  more  attention  were  paid  to  the  mineralo- 
gical character  of  the  stone  employed  in  the  construction  of  the 
buildings,  that  frequent  decay,  or  decomposition,  even  in  those 
erected  within  a  few  years,  which  we  so  often  observe,  would  be 
avoided,  at  comparatively  small  cost ;  and  we  should  find  fewer 
of  our  public  edifices  losing  all  traces  of  the  finer  work  of  their 
original  structure.  The  number  of  cathedrals  and  other  public 
buildings  mouldering  away  externally,  from  inattention  to  the 
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quality  of  the  stone  employed  in  them^  is  far  greater  than  migbt 
be  anticipated  by  those  who  have  not  directed  their  attention  to 
the  subject  Building  materials  for  cathedrals^  churches,  abbeys^ 
castles^  and  the  public  edifices  of  towns,  can  scarcely,  in  gene- 
ral, be  said  to  have  been  selected,  except  probably  by  the  Nor- 
mans; stone  having  been  usually  taken  from  the  nearest  quany, 
provided  it  had  a  tolerable  appearance  and  was  readily  worked, 
it  being  left  to  accident  whether  the  material  so  obtained  were 
durable  or  not. 

There  was  much  excuse  for  this  accidental  durability  of  the 
stones  employed  in  public  or  large  private  edifices  in  former  days, 
when  the  mineralogical  structure  of  building  materials  was  so 
little  understood ;  and  the  architects  of  those  times  could  not 
always  have  churches  or  castles  before  them,  from  which  they 
might  judge  of  the  relative  durability  of  any  stone  they  wern 
about  to  employ ;  the  quarries  opened  by  them  being  also  then 
often  first  worked  to  any  considerable  extent.  The  architects  and 
engineers  of  the  present  day  cannot,  however,  avail  themselvw 
of  these  excuses,  for  the  necessary  chemical  and  mineralogical 
knowledge  is  readily  acquired ;  and  the  number  of  public  and 
private  edifices,  of  various  dates,  scattered  over  the  country,  is  so 
great,  that  the  relative  durability  of  the  materieds  employed  in 
their  construction  can  easily  be  seen.  It  is,  nevertheless,  well 
known  that,  with  some  few  exceptions,  the  mineralogical  cha- 
racter of  the  stone  employed  in  public  works  and  buildings  has 
hitherto  received  little  attention  from  either  architects  or  civil 
engineers  in  this  country,  more  especially  from  the  former,  whose 
value  of  a  material  seems  commonly  to  have  been  guided  by  the 
opinion  of  the  mason.  Now  the  mason  seems  almost  always 
guided  in  his  opinion  by  the  freedom  with  which  a  stone  works— 
no  doubt  an  important  element  in  the  cost  of  a  building,  but  cer- 
tainly one  which  should  not  be  permitted  to  weigh  heavier  in  the 
scale  than  durability — and  hence  many  a  fine  public  or  large 
private  building  is  doomed  to  decay  even,  in  some  cases,  within 
a  few  years. 

In  estimating  the  relative  durability  of  any  given  stone,  which 
may  appear  to  resist  decomposition  from  atmospheric  influences 
in  the  country,  no  doubt  due  allowance  should  be  made  for  the 
power  of  lichens  to  protect  the  external  parts  of  buildings  in  the  lat- 
ter. These  are  not  usually  found  in  large  towns,  particularly  those 


Digitized  by  VjOOQIC 


ECONOMIC  GEOLOGY. 


487 


ia  which  there  is  much  coal  smoke,  such  as  Birmingham^  Man- 
chester, Bristol^  and  London^  which  appears  unfavourable  to  their 
growth.  Still,  however,  the  value  of  relative  mineral  structure 
remains  the  same,  and  we  shoidd  not  expect  a  sandstone,  formed 
of  quartz  grains  loosely  cemented  by  calcareous  or  argillaceous 
matter,  to  last  so  long^  exposed  to  the  weather,  as  one  in  which 
quartz  grains  were  firmly  bound  together  by  a  compact  argillaceous 
or  siliceous  substance.  According  to  the  texture  and  variable 
composition  of  the  different  calcareous  and  calciferous  rocks, 
might  a  judgment  be  formed  of  their  relative  durability;  and 
granites,  in  which  decomposition  has  already  commenced  in  the 
felspar,  cannot  be  expected  to  remain  firm  under  atmospheric 
influences.  In  the  inspection  of  quarries,  and  for  large  works  it 
is  very  necessary  to  inspect  them,  these  and  the  various  other  mi- 
neralogical  circumstances,  to  be  considered  in  building  stones, 
should  be  taken  into  account ;  and  indeed  a  knowledge  of  them 
ought  to  be  required  on  the  part  of  those  engaged  in  public 
works. 

At  Beer,  in  Devonshire,  we  find  the  lower  part  of  the  chalk  or 
the  upper  part  of  the  green  sand,  for  the  beds  may  be  said  to 
occur  at  the  passage  of  the  one  into  the  other,  worked  for  building 
stone.  It  is  nearly  white,  and  chiefly  composed  of  carbonate  of 
lime,  with  the  addition  of  some  argillaceous  and  siliceous  mat- 
ter, and  a  few  scattered  particles  of  green  silicate  of  iron.  When 
first  quarried  this  stone  is,  as  is  generally  the  case  with  similar 
materials,  somewhat  soft  and  easily  worked,  from  the  presence 
of  the  water  disseminated  through  the  stone,  becoming  hard 
when  this  water  has  been  evaporated  by  exposure.  The  chief 
quarry  is  subterraneous,  and  extends  into  the  hill  about  180 
yards,  the  roof  being  supported  by  large  square  pillars  formed 
by  portions  of  the  workable  beds  left  standing.  The  following 
eight  beds  are  worked  beneath  about  eighteen  feet  of  indurated 
chalk  without  flints,  termed  skull : — 


Ft  in. 

1.  Upper  bed~ralher  hard    1    6 

2.  Soft  .  .  .  .16 
a  Rather  soft  .20 
4.  Rather  loft                   .20 


Ft.  in. 

5.  Hard  •         .         .14 

6.  Miztureofhard  and  toft    1    4 

7.  Very  hard  .  .08 

8.  Very  hard  .         .         .20 


A  shaft  was  formerly  sunk,  and  a  level  driven  into  the  hill,  be- 
tween Beer  Head  and  Branscombe,  in  order  to  obtain  a  continu- 
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ation  of  the  same  beds,  but  the  work  does  not  appear  to  have  been 
profitable,  as  it  is  now  abandoned. 

The  Beer  stone  has  been  quarried  for  ages,  and  some  of  it  is 
stated  to  have  been  employed  in  the  old  work  in  the  interior  of 
Exeter  cathedral.  Though  not  generally  considered  to  stand 
exposure  well,  we  have  seen  portions  of  the  harder  beds  looking 
little  decomposed  in  some  old  walls.  It  could  be  exported  from 
Beer. 

Chalk  flints  and  green  sand  chert  are  often  employed  in  the 
construction  of  common  houses  and  walls ;  and,  in  one  instance, 
the  Wellington  monument  on  the  Black  Down  Hills,  they  have 
been  used  in  works  of  more  architectural  appearance.  Though 
by  no  means  sightly,  they  are  necessarily  very  durable  materiak. 
The  indurated  nodules  of  the  lower  part  of  the  green  sand,  when 
separated  from  the  latter  by  the  action  of  the  sea,  and  strewed 
over  the  coast,  are  used  in  building,  and  have  been  extenavely 
employed  in  the  interior  of  the  pier,  or  Cobb,  at  Lyme  Regis. 
It  is  a  material  that  may  be  considered  to  resist  the  action  of  the 
atmosphere  fairly. 

The  inferior  oolite  does  not  produce  good  building  stone  within 
our  district ;  the  nearest  place  to  it,  where  durable  material  is  ob- 
tained from  this  rock,  occurs  at  Ham  Hill,  between  Ilminster  and 
Veovil.  A  brownisK  shelly  limestone  is  there  worked,  above  the 
inferior  oolite  sands,  of  excellent  quality,  readily  tooled,  and  very 
durable,  if  properly  selected ;  as  is  proved  by  the  fine  condition 
of  numerous  churches  and  mansions  in  the  neighbourhood. 

With  respect  to  the  lias,  though  some  of  the  limestone  beds 
are  employed  for  buildings,  and  the  houses  in  some  small  towns 
and  many  villages  are  constructed  mth  them,  it  is  rarely  a  good 
material  for  resisting  the  decomposing  effects  of  weather.  When 
taken  from  the  sea-side,  as  near  Lyme  Regis,  where  it  has  be- 
come impregnated  with  saline  water,  it  is  notoriously  bad.  As 
the  beds  vary  materially  in  mineralogical  structure,  chiefly  as 
respects  the  quantity  of  the  argillaceous  mingled  with  the  cal- 
careous matter,  much  depends  upon  their  selection  in  the  con- 
struction of  buildings,  and  hence  the  very  variable  condition  in 
which  we  find  them.  Some  thin  and  compact  beds,  to  the  east- 
ward of  our  district,  are  placed  on  their  edges  and  employed  for 
fences,  where  they  appear  fairly  to  resist  the  action  of  the  wea- 
ther.   To  show  the  condition  of  lias  after  long  exposure,  we  may 
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cite  the  external  parts  of  the  chapel  of  Joseph  of  Arimathea,  a 
beautiful  Norman  structure,  among  the  ruins  of  Glastonbury 
Abbey,  also  out  of  our  district,  though  only  a  few  miles  from  it 
in  the  eastward.  We  there  find  that,  while  the  Doulting  stone, 
probably  an  equivalent  of  the  Ham  Hill  rocks,  has  scarcely  suf- 
fered from  decomposition  after  so  many  centuries  of  exposure  to 
atmospheric  influences,  the  lias  colimins  and  capitals,  wherever 
employed,  have  nearly  mouldered  away,  though  from  those  parts 
which  remain  the  material  employed  seems  to  have  been  of  the 
compact  kinds. 

In  the  red  sandstone  series,  the  beds,  with  the  exception  of  the 
conglomerates,  are  seldom  sufficiently  indurated  to  serve  even  for 
the  commonest  building  purposes.  The  conglomerates,  however, 
are  often  much  used  for  house  walls,  but  the  material  being  far 
from  sightly,  and  liable  to  decomposition  from  exposure  to  the 
weather,  the  better  buildings  constructed  with  them  are  covered 
by  c^nent  or  rough-cast.  The  conglomerates  from  the  Heavitree 
quarries,  near  Exeter,  have  long  furnished  conunon  building  stone 
for  the  neighbourhood,  and  various  other  conglomerates  on  the 
eastern  part  of  the  red  sandstone  series  have  likewise  been  quar- 
ried for  the  same  purpose.  When  sufficiently  indurated,  it  is 
employed  for  bridges.  A  fairly  indurated  conglomerate  is  worked 
by  the  side  of  the  Taunton  and  Tiverton  canal,  between  Hal- 
berton  and  Sampford  Peverell,  and  is  used  for  this  and  similar 
rough  purposes.  The  magnesian  limestone  or  conglomerate  is 
occasionally  used  for  building  near  Western-super- Mare,  but  the 
facility  with  which  the  adjoining  carboniferous  limestone  may  be 
obtained  for  the  buildings  there  required,  renders  it  less  employed 
than  it  would  probably  otherwise  be.  The  conglomerate  with 
the  magnesian  cement,  between  Williton  and  Thorn  St.  Mar- 
garet, is  in  places  used  for  common  building  purposes.  Cobb 
cottages  prevail  throughout  a  large  part  of  the  area  occupied  by 
the  red  marls  and  sandstones,  when  the  locality  is  not  sufficiently 
near  the  lias,  or  to  the  flints  and  chert  still  upon  the  green  sand, 
or  transported  over  the  red  marls  or  sandstones.  The  brick  town 
of  Taunton  shows  that  good  stones  for  architectural  purposes  are 
not  readily  obtained  in  its  vicinity ;  and  the  like  may  be  said  for 
several  other  places. 

On  the  south,  the  trappean  rocks  of  the  red  sandstone  series 
are  often   employed   for  buildings,  and  though  not  suited  for 
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6ne  architectural  work,  they  are  durable  if  well  selected,  as  is 
shown  by  the  remaining  walls  of  Rougemont  Castle,  at  Exeter, 
where  the  porphyritic,  and  even  vesicular  trap,  probably  obtained 
from  the  hill  on  which  the  castle  stands,  is  generally  in  as  good 
condition  as  the  day  it  was  worked.  Th(»rverton  stone  has  also 
been  much  used,  and  is,  if  well  chosen,  a  very  good  material 
where  its  brownish  colour  is  not  objectionable.  The  porphyritic 
blocks  from  the  red  conglomerate  of  Teignmouth  are  employed  as 
building  materials  in  that  town,  and  for  comnoon  walls  are  found 
very  serviceable.  In  selecting  these  trappean  rocks  care  should 
be  taken  to  avoid  those  which  show  the  oommencement  <^oe- 
composition,  though  they  are  then  most  easily  worked,  for  the 
felspathic  portions  in  them  wUl  readily  difflntegrate  before  the 
weather. 

The  carboniferous  hmestone  on  the  north-east  of  the  district, 
which  is  now  merely  employed  -for  ooDunon  walling,  usually  co- 
vered with  cement  in  the  better  houses,  might  readily  be  tooled 
and  rendered  available  for  finer  architectural  purposes,  if  its  usnal 
gray  tint  were  not  objectionable.  It  is  both  a  hard  and  duiable 
material,  and  for  engineering  purposes  large  blocks  might  be 
readily  obtained. 

As  to  the  carbonaceous  series,  though  it  abounds  in  sandstones, 
many  of  which  are  employed  for  the  buildings  in  that  part  of  the 
district,  there  are  scarcely  any  which  deserve  to  be  used  for  fine 
work,  or  far  from  the  localities  where  they  may  be  quarried. 
There  are  few  also  which  can  be  considered  durable,  with  the 
exception  of  those  in  which  the  siUceous  matter  so  abounds  as  to 
render  them  almost  cherty,  in  which  case  they  rarely  have  a  good 
appearance. 

With  respect  to  the  grauwacke  of  North  Devon,  though  the 
sandstones  in  it  are  employed  for  the  ordinary  building  purposes 
of  the  country,  there  are  none  which  we  have  seen  that  deserre 
notice  or  use  beyond  those  places  near  which  they  are  raised. 
Many  of  them  are  very  hard  and  durable,  but  their  usual  colours 
are  against  them,  as  for  example  those  of  the  Hangman  HilK 
the  Foreland,  and  North  Hill,  between  Porlock  and  Minefaead. 

Throughout  South  Devon  and  Cornwall,  the  grauwacke  here 
and  there  only  furnishes  material  calculated  for  finer  architectural 
purposes,  thoiigh  it  often  affords  eonunon  building-stone  in  &hun- 
dance.  The  better  beds  are  chiefly  found  near  Newnham  Park,  on 
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I  he  north  of  Rympton,  in  Devon*  and  in  ike  vicinity  of  Liskeard, 
and  of  Bodmin^  in  Cornwall^  the  arenaceous  strata  being  there 
readily  worked  as  freestones.  Some  of  the  trappean  ash  beds  are 
also  known  as  freestones,  and  are  employed  for  buildings^  and 
would  appear  to  be  more  durable  than  might  be  expected,  as  will 
be  seen  by  the  ancient  door-way  now  forming  the  entrance  into 
the  White  Hart  Inn,  at  Launceston,  which  is,  considering  its 
antiquity,  in  tolerably  fair  condition.  The  limestones  of  South 
Devon  are,  of  course,  employed  as  building  materials  in  the  vici- 
nity of  those  places  where  they  occur,  in  the  same  manner  as  the 
harder  trappean  rocks,  but  they  are  rarely  tooled  highly  for 
architectural  purposes,  though  they  would  form  a  durable  mate- 
rial where  their  gray  tint  would  not  be  considered  heavy.  The 
new  church  at  Bridge  Town,  near  Totnes,  is  chiefly  built  of 
tooled  limestone  from  the  neighbourhood.  At  Plymouth,  the 
limestone  there  so  common  has  been  extensively  employed  for 
the  breakwater  in  the  Sound.  While  on  the  subject  of  the  lime- 
stone in  the  grauwacke,  we  should  notice  the  dolomitic  rocks 
near  Yealmpton,  so  well  fitted  both  on  account  of  durability  and 
specific  gravity  for  sea-walls  and  piers  for  harbours.*  It  might 
readily  be  obtained  in  great  abundance  and  be  easily  shipped  upon 
the  Yealm,  which  is  tidal  to  distances  varying  from  half  a  mile  to 
one  mile  from  localities  where  it  might  be  so  procured. 

Generally  speaking,  granites  or  elvans  are  so  distributed  in 
Cornwall,  that  they  constitute  the  larger  proportion  of  the  building 
materials  of  that  county,  more  especially  the  elvans  which  are 
much  employed ;  hence  the  number  of  quarries  opened  upon  them, 
and  the  facility  with  which  these  granitic  dykes  may  be  commonly 
traced.  Around  Dartmoor  also,  and  between  that  mass  of  granite 
and  the  Brown  Willy  boss,  they  are  also  much  used.  There  is 
much  good  granite  on  Dartmoor,  though  it  is  not  always  suffi- 
ciently accessible  to  be  carried  long  distances;  the  chief  places 
where  it  is  worked  in  large  quantities  and  afterwards  exported, 

*  For  lea^walls  and  pier- harbours  exposed  both  to  heavy  breakers  and  to  the 
grinding  action  of  shingles  mechanically  suspended  in  them  during  on-shore  gales 
of  vind  in  many  situations,  it  is  obviously  very  desirable  to  combine  hardness  with 
great  specific  gravity  when  both  can  be  obtained  in  the  same  material.  The  greater 
the  weight  of  a  given  sised  sea-wall  or  pier,  all  other  things  being  equal,  the  better 
will  it  stand  the  force  of  the  breakers ;  hence,  this  dolomite  would  stand  the  batter, 
ing  forces  of  the  breakers  better  than  the  Plymouth  or  Torbay  limestones,  in  the 
proportion  of  about  285  to  275. 
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are  Hey  or  High  Tor  on  the  east,  and  near  King  Tor  on  the 
west.  The  granite  from  the  former  place  is  conveyed  by  a  tram- 
road  to  the  Stover  canal,  down  which  it  is  carried  in  boats  and 
afterwards  down  the  Teigh  to  Teignmouth,  to  be  shipped  for  its 
destination.  That  from  the  west  side  of  the  moor  is  conveyed  by 
the  Prince's  Town  and  Plymouth  tram-road  to  the  latter  place 
and  shipped. 

The  continuation  of  the  Kingston  Down  granite  is  worked  up 
the  Tamar  near  New  Bridge,  and  exported  from  Morwellham. 
A  very  hard  variety  is  obtained  upon  the  higher  part  of  the 
Down,  and  has  been  employed  advantageously  for  pavements. 

The  granite  of  the  Brown  Willy  boss  has  not  hitherto  been 
much  used  except  in  its  immediate  neighbourhood,  though  it 
contains  material  of  excellent  quality,  as  may  be  seen  in  front 
of  the  great  hotel  at  Bodmin,  built  of  that  from  St.  Breward,* 
where  large  quantities  of  equally  good  material  may  be  obtained, 
as  also  from  Pendrief,  near  Blisland.  We  believe,  however,  that 
within  the  last  year  or  two  it  has  been  exported  from  Wade 
Bridge,  after  being  brought  down  the  railway  in  the  valley  of  the 
Camel,  which  runs  at  the  foot  of  some  of  the  best  rocks.  It  is 
evidently  a  material  that  might  be  advantageously  exported  for 
works  at  or  near  ports  in  the  Bristol  Channel. 

The  chief  quarries  in  the  eastern  or  hard  part  of  the  Hens- 
borough  mass  of  granite,  are  those  of  Mr.  Austen  Treflry,  up  the 
Par  valley,  commonly  known  as  Lostwithiel  granite.  Extensive 
quarries  are  there  worked,  and  the  stone  is  brought  to  the  head 
of  the  canal,  near  Pons  Mill,  upon  which  it  is  conveyed  to  Par 
Harbour,  and  there  shipped.  Large  quantities  of  this  granite 
have  lately  been  exported.  The  greater  part  of  the  western 
portion  of  the  Heusborough  granite  is  too  decomposed  to  allow 
of  its  use  in  those  works  for  which  granite  is  usually  employed. 
Nevertheless,  that  obtained  near  St.  Stephen's,  and  thence  named 
St.  Stephen's  granite,  is  not  of  unfrequent  use  in  some  of  the  ad- 
jacent parts  of  Cornwall,  though  it  is  a  material  which  can  scarcely 
be  considered  durable.  A  much  better  stone  than  that  usually 
known  as  St.  Stephen's  granite,  is  obtained  at  Burthy  Quarry, 
about  a  mile  and  a  quarter  south  of  Caliquoiter  Rock. 

The  Cam  Menelez  mass  has  chiefly  furnished  the  granite  most 
commonly  known  as  Cornish.     It  is  nearly  altogether  shipped  at 
*  Commouly  pronouncod  in  that  vicinity,  SimiMward, 
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Penryn,  where  it  is  brought  variable  distances  from  different 
quarries  in  the  vicinity,  many  situated  in  the  parish  of  Mabe. 
Being  obtained  Trom  different  localities,  it  will  readily  be  supposed 
that  the  quality  of  the  stone  is  very  variable.  It  is  commonly 
divided  into  first  and  second  grits,  and  it  is  to  be  feared  that,  in 
many  works  executed  in  Penryn  granite,  less  of  the  fine  or  first 
grit  has  been  employed  than  ought  to  have  been  used.*  As 
might  be  expected  from  irregularity  in  demand,  the  export  from 
Penryn  has  fluctuated  materially. 

In  1824    it  amounted  to  10,178  tons. 


1825 

10,781 

1826 

18,179t 

1835 

8,310 

1836 

11,538 

1837 

5,295* 

*  Though  tho  prices  of  Cornish  granite  vary  materially  from  time  to  time  according 
to  circumslanoes,  the  following  list  of  those  which  we  have  obtained  for  the  Penryn 
granites  may  bo  iisefUl,  as  showing  what  they  may  be  now  (1838)  rendered  for  in 
The  river  Thames  below  London  bridge,  and  under  a  crane  if  required,  as  also  nearly 
showing  the  cost  of  granites  generally,  shipped  from  the  south  coasts  of  Devon  and 
Cornwall,  doe  allowance  being  made  for  differences  in  quality. 

Ashler  for  building  sea-walls,  from  three-fourths  of  a  ton  to  two  tons,  standing 
around  all  fair : — 

Best  Une  fine  granite  or  grit,  at     .         •     2f.  2d,  per  cubic  foot,  scabled. 

Second  blue  grit  .         .20     Ditto. 

Coping  ibr  sea-walls,  of  or  about  4  feet  wide,  from  4  to  6  feet  long,  and  1  foot 
J  inches  to  1  foot  6  inches  thick : — 

Best  blue  fine  grit  .     2«.  4^.  per  cubic  foot,  icabled. 

Second  blue  grit  .     2    2^      Ditto. 

Blocks  of  granite  from  2  to  4  tons,  regular  sided  :«— 
Best  blue  fine  grit       ....     2«.  7^.  per  cubic  foot,  scabled. 
Second  blue  grit  .         .  .     2    4^     Ditto. 

Blocks  of  granite  from  4  to  6  tons,  regular  sided : — 
Best  fine  blue  grit        .         .         .         .     3«.  0</.  per  cubic  foot,  scabled. 
Second  blue  grit  .         .  .29    Ditto. 

Paving  from  3  io  10  feet  superficial,  6  inches  thick,  good  blue  grit,  pick-worked, 
at  Is.  2d.  per  foot  superfieiaL 

t  The  quantity  for  this  year  is  taken  from  the  Transactions  of  the  Geological  8(h 
ciety  of  Cornwall,  vol.  iii.  p.  360.  That  for  the  other  years  is  from  the  information 
of  Mr.  Paul  Williams  of  Penryn. 

The  tots)  quantity  of  granite  exported  from  Cornwall  in  1826,  as  stated  in  the 
above  woris,  excepting  that  from  the  Tamar,  which  could  not  be  ascertained,  was 
-21,710  tons,  2189  tons  having  been  shipped  at  Gweek,  998  from  Charles  Town, 
and  344  from  Fowey. 

I  The  quantity  of  granite  estimated  to  have  been  shipped  st  Penryn  for  Ply- 
mouth, from  1835  to  1838,  inclusive,  is  3000  tons. 
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A  granite  is  obtained  from  Breaguc,  forming  part  of  Tregonning 
Hill,  resembling  that  from  St.  Stephen's  above  noticed,  being 
like  it  in  an  incipient  state  of  decomposition.  As,  therefore,  it  is 
easily  tooled,  it  is  employed  in  its  vicinity. 

Though  there  is  good  granite  in  the  Land's  End  mass,  we  have 
not  heard  of  its  being  exported,  though  it  readily  might  be 
shipped  from  Penzance.  A  fine-grained  variety,  considered  very 
durable,  and  one  much  used  near  the  latter  town,  is  obtained 
from  Castle-an-Dinas.  The  granites  from  Paul  and  Madron 
usually  contain  large  crystals  of  felspar,  and  that  firom  Ludg\'aii 
is  very  micaceous.  They  are  all  esteemed  durable  materials, 
though  not  so  sightly  as  when  the  constituent  minerals  are  more 
equally  mixed.  The  granite  of  the  Scilly  Islands  is  generally  of 
a  coarse  appearance,  and  therefore  not  ex  orted.  Judging  from 
old  buildings,  much  of  it  is  fairly  durable.  The  granite  of  Lundy 
Island  contains  some  of  good  quality  for  the  more  common  pur- 
poses for  which  that  material  has  been  employed,  and  seems 
hitherto  to  have  been  much  neglected,  though  from  the  position 
of  the  island  it  might  be  easily  conveyed  to  the  various  ports  in 
the  Bristol  Channel  and  up  the  Severn. 

It  would  be  extremely  difficult  to  obtain  an  approximation  to 
the  value  of  the  granite  annually  raised  in  the  district,  and  em- 
ployed for  bridges,  pavements,  rolling-stones,  columns,  and  gate- 
posts, in  it,  independently  of  that  used  in  common  buildings. 
Collectively,  it  is  probably  considerable;  but,  if  we  estimate  the 
average  quantity  exported  in  Devon  and  Cornwall  at  20,000  tons 
annually,  and  value  it  on  the  average,  before  export,  at  Is.  9d.  per 
cubic foot,taking  fourteen  cubic  feet  to  the  ton  (the  usual  allowance), 
the  value  of  granite  exported  would  amount  to  24,500t  annually. 

For  durable  stone,  the  harder  elvans  of  the  district,  particularly 
when  of  good  cream  and  other  light  colours,  may  be  considered 

It  is  stated  by  Dr.  Paris,  in  the  Transactions  of  the  Geologieal  Society  of  Corn- 
wall, vol.  i.  (published  in  1818),  p.  232,  that  the  quantity  of  this  granite  shipped  in 
the  previous  ten  years  amounted  to  40,000  tons,  the  quantity  actually  raised  ha?ing 
been  much  larger  in  consequence  of  the  number  of  blocks  which  had  been  cim- 
demned,  from  being  damaged,  and  sold  at  low  prices  for  common  building  purposes 
in  the  country.  The  number  of  men  empbyed  in  quarrying  the  granite  near  Penr)  n 
was  then  (1818)  estimated  at  about  400,  their  wages  varying  from  12«.  to  15«.  per 
week  each,  the  lords  of  the  soil  receiving  ^.  per  cubic  foot,  or  7d.  per  ton,  for  ali  the 
granite  quarried.  The  average  number  of  men  employed  in  these  quarries  for  the 
last  four  years  (up  to  1838)  may  have  been  about  that  above  noticed. 
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as  the  best  building  materials  in  it ;  their  durability  and  appear- 
ance may  be  seen  in  many  churches  and  old  mansions,  where  the 
finer  carvings  of  the  omaniental  parts  are  as  sharp  as  the  day 
they  were  put  up.  Occasionally  the  felspar  crystals  may  have 
been  decomposed  and  have  been  washed  out,  but  the  siliceo- 
felspathic  base  has  remained  firm,  thus  preserving  the  sharp 
character  of  the  work.  The  Roborough  stone,  an  elvan  which 
crosses  the  Down  of  that  name  between  Plymouth  and  Tavistock, 
has  long  been  celebrated  in  that  neighbourhood  for  its  appearance 
and  durability.  The  Pentuan  stone  has  hitherto  been  that  most 
celebrated  in  Cornwall ;  it  certainly  is  a  fine  material,  but  pro- 
bably owes  its  relative  celebrity  very  much  to  position,  being 
readily  exported  from  the  port  adjoining  it.  It  has  been  much 
employed  in  G>rnwall,  and  found  durable.  It  is  also  more 
readily  sculptured  than  might  be  expected,  as  will  be  seen  in  the 
work  executed  in  Pentuan  stone  for  Mr.  Austen  Treffry's  man- 
sion at  Place,  Fowey.* 

The  elvans  may  be  considered  as  among  the  chief  building- 
stones  of  Cornwall,  and  are  commonly  employed  in  the  houses  and 
works  at  numerous  mines,  dykes  of  them  being  frequently  found 
in  and  near  them.  When,  however,  in  an  incipient  state  of 
decomposition,  and  then  too  frequently  prized  by  the  mason  for  his 
work,  they  cannot  be  trusted  for  durability,  though  they  often 
have  a  good  appearance.  They  would  sometimes  be  mistaken 
for  fine  light-coloured  sandstones,  as,  for  example,  those  which 
occur  at  Newham,  near  Truro,  and  at  Porkellis,  near  Wendron« 
Some  fine  and  apparently  durable  elvans,  occur  near  Penryn,  as 
at  Trewarles  and  Roscrow,  which  might  readily  be  exported 
with  the  granite  from  that  place. 

We  cannot  close  this  sketch  of  the  building  materials  of  the 
district  without  noticing  the  consolidated  sand,  now  probably  in 
part  forming,  which  has  been  employed  in  the  construction  of 
houses,  and  even  in  churches,  as  for  example  that  of  Crantock, 
where  it  has  been  much  used.  The  chief  locality  whence  it 
has  hitherto  been  obtained  is  New  Quay,  where  no  doubt  the 
quantity  that  can  be  supplied  is  somewhat  limited.  It  is  found 
also  at  the  bottom  of  the  blown  sand  hills  in  other  places,  but 
probably  in  small  quantities  compared  with  the  unconsolidated 

*  Cakw  aoticM  the  use  of  Pentuan  itoiie  for  "  windows,  domea  (door-poeli),  and 
I,'  in  his  History  of  Cornwall,  1602  (reprint  of  1769,  p.  6). 
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head  of  sand  above  it,  and,  therefore,  of  difficult  access  at  small  cost. 
When  first  raised  from  its  bed  it  is  easily  cut,  but  by  exposure  to 
the  atmosphere  it  becomes  hard,  in  consequence  of  the  evaporation 
of  the  water  previously  contained  in  it.*  Judging  from  Crantock 
church,  it  b  a  substance  which  suffers  little  from  atmospheric 
influences.  Ancient  stone  coffins  constructed  with  this  material, 
have  been  found  in  Crantock  churchyard,  and  one  or  two  may  now 
be  seen  there. 

Finer  materials  for  polished  columns,  vases,  Sfc. 

With  respect  to  the  finer  materials  for  buildings,  such  as  will 
advantageously  admit  of  being  worked  and  polished,  as  also  for 
smaller  ornamental  purposes,  such  as  interior  columns,  chimney- 
pieces,  slabs  for  tables,  vases,  and  even  stones  employed  in  jewel- 
lery, the  southern  part  of  the  district  may  be  considered  rich. 
Commencing  with  the  chalk,  we  find  numerous  flints  in  it,  and  m- 
deed  in  the  gravels  above  it,  which,  when  cut  and  polished,  have 
a  good  appearance  if  worked  into  snuff-boxes  and  articles  of  the 
like  kind,  particularly  when  the  spongiform  bodies  included  in 
them  are  marked  by  many  varieties  of  colour.  In  the  green  sand 
the  chalcedony  is  often  extremely  beautiful,  and  pieces  sufficiently 
large  to  form  small  cups  or  vases  might  be  sometimes  obtained. 
Portions  of  this  mineral  when  worked  into  seals  cannot  be  distin- 
guished from  the  finest  white  cornelian,  which  in  fact  they  then 
are.  Both  such  flints  and  chalcedony  are  found  on  the  coast  be- 
tween Lyme  Regis  and  Sidmouth,  where  also  are  discovered 
some  varieties  of  jasper  (from  the  green  sand),  many  specimens  of 
which  closely  approach  to  those  known  as  Egyptian  pebbles,  and 
indeed  are  quite  as  beautiful.  Some  of  the  silicified  fossil  wood 
is  extremely  handsome  when  worked  into  ornaments. 

Rock-crystals  are,  as  might  be  expected,  somewhat  frequent 
among  the  quartziferous  veins  in  the  granite,  elvan,  grauwacke, 

*  The  cement  of  a  coarse  conglomerate  at  New  Quay,  formed  of  this  consoli- 
dated sand,  is  so  hard,  that  the  pebbles  of  quartz  and  grauwacke  are  generaUy 
broken  across  by  a  blow  npon  the  rock,  and  do  not  separate  from  the  cement.  Bor« 
lase  describes  the  consolidated  sands  of  New  Quay  as  the  only  good  freestone  in 
Cornwall,  and  remarks,  that  less  perfectly  consolidated  substances  of  the  same  kind 
axe  here  and  there  discovered  among  the  Gwythian  and  Perran  sands.  He  observes 
that  it  becomes  hard  by  exposure,  and  points  out  Crantock  church  as  an  example 
of  this  fact.— Nat  Hist,  of  Cornwall,  p.  95. 
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and  beds  of  the  carbonaceous  series  in  Devon  and  Cornwall.  Many 
found  in  the  latter  county,  and  commonly  known  as  Cornish  dia- 
monds, are  sufficiently  transparent  to  be  cut  and  set  in  brooches, 
seals,  and  other  personal  ornaments,  though  far  more  rarely  now 
than  formerly,  when,  judging  from  old  jewellery  preserved  in 
some  Cornish  families,  they  would  appear  to  have  been  very  often 
employed  for  these  purposes.  The  greatest  number  of  clear  and 
large  specimens  have  been  obtained  from  veins  in  the  slate  quarries 
of  Delabole  and  the  vicinity  of  TintageL  We  have  seen  very 
clear  crystals  from  thence  of  the  usual  form  (an  hexagonal  prism 
terminated  by  an  hexagonal  pyramid),  about  three  inches  high 
and  one  inch  and  a  half  thick.  Cornish  diamonds  would  appear 
to  have  been  esteemed  and  used  for  personal  ornaments  in  the 
time  of  Queen  Elizabeth,  tdr  Carew  notices  them  and  observes  that, 
though  '^  in  blacknesse  and  in  hardnesse  they  come  behind  the 
right  ones,  yet  I  have  knowne  some  of  them  set  on  so  good  a  foile, 
as  at  first  sight  they  might  appose  a  not  unskilfull  lapidarie."* 
The  violet  rock  crystal,  or  amethyst,  seems  scarce ;  we  have,  how- 
ever, seen  a  few  Cornish  specimens,  and  among  them  some  which 
might  have  been  advantageously  employed  for  personal  ornaments 
if  they  had  not  been  more  precious  as  mineralogical  specimens. 

The  lias  rather  furnishes  an  interesting  than  a  beautiful  material 
when  portions  of  it  containing  ammonites  or  other  organic  remains 
are  cut  and  polished.  Some  of  the  larger  ammonites,  however, 
when  thus  cut,  afford  very  elegant  ornaments  for  chimney-pieces. 
With  the  exception  of  the  porphyritic  rocks  associated  with  the 
red  sandstone  series,  some  of  which,  when  the  crystals  of  felspar 
are  firm,  would  furnish  a  good  material  for  moderately-sized  vases, 
that  series  affords  nothing  for  ornamental  purposes,  the  gypsum, 
chiefly  obtained  near  Watchet,  being  seldom  of  sufficient  size,  or 
possessing  forms  to  permit  vases  being  turned  in  it.  The  best 
porphyritic  blocks  are  to  be  obtained  near  Teignmouth. 

The  carbonaceous  series  contains  little  ornamental  material. 
The  black  limestones,  indeed,  might  probably  be  usefully  worked, 
and  many  would  certainly  appear  as  if  they  would  furnish  good 
marbles,  if  those  parts  were  selected  which  would  receive  a  fair 
polish.  The  Chudleigh  marble  has  a  good  appearance,  varying 
from  grey  to  black,  with  white  stripes,  and  seems  to  be  included  in 
the  southern  part  of  this  series.     Some  of  the  Holcomb  Rogus  and 

•  Survey  of  Cornwall  (1602),  reprint  of  1769,  p  7. 
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Westleigh  beds  might  furnish  a  fair  oommon  marble  with  gray  tints. 
The  hard  greenstones  and  other  trappean  rocks  associated  with  this 
series,  and  with  the  beds  for  which  we  have  collectively  employed 
the  term  grauwacke,  and  separated  from  it  for  the  purposes  of 
description,  might  advantageously  be  employed  in  works  for 
which  they  were  often  used  by  the  ancients,  more  particularlj 
those  kinds  which  are  large-grained,  approaching  sienite  and 
hypersthene  rock,  as,  for  example,  the  greater  part  of  those  which 
run  near  the  granite  in  various  places.  Cock^s  Tor  and  other 
localities  near  Tavistock,  in  the  vicinity  of  Okehampton,  Bridford, 
Cristow,  Hennock,  Alternan,  Davidstow,  Tintagel,  Michaelstoir, 
Port  Isaac,  Padstow,  St.  Cleer,  and  several  other  places,  would 
furnish  good  materials  of  this  order.  Among  the  products  of  the 
carbonaceous  series,  we  should  notice  the  red  jasper  on  the  north 
of  Brent  Tor,  near  Tavistock,  where  it  occurs  in  blocks,  sometimes 
large  and  of  good  colour. 

The  limestones  in  the  grauwacke  frequently  make  good  marbles, 
and  have  of  late  been  much  employed,  more  particularly  those  of 
Babbacombe  and  Plymouth.  The  marbles  known  by  the  former 
name  are  worked  at  Petit  Tor,  near  St.  Mary  Church,  and  large 
blocks  are  readily  obtained,  as  they  either  occur  in  the  lower  part 
of  the  red  conglomerate  at  that  place,  or  form  broken  portions  of 
subjacent  and  fractured  limestone  (p.  ^05).  The  colours  are 
generally  varied  tints  of  grey,  sometimes  mingled  with  veins  of 
white.  Many  blocks  are  composed  almost  entirely  of  fossil-corals 
variously  mingled  in  the  mass,  and  are  then  commonly  known  as 
madrepore  marbles.  Red  and  yellowish  marbles  are  also  found, 
but  in  smaller  quantities,  and  these  are  usually  worked  into  vases 
and  other  smaller  ornaments.  Marble  work  is  extensively  car- 
ried on  at  St.  Mary  Church,  and  a  variety  of  columns,  vases,  &c., 
can  easily  be  obtained  from  thence. 

The  marbles  at  Plymouth  are  not  very  dissimilar  from  those 
obtained  at  Petit  Tor,  with  the  exception  of  the  black,  a  good 
variety  of  which  is  found  at  Cat  Down.  At  Ipplepen  there  is  a 
reddish  variety  that  is  extremely  handsome  ;  and  near  Totnes 
there  are  some  of  good  appearance.  Indeed,  throughout  the 
limestones  between  Newton  Bushell,  Babbacombe,  and  Plymouth, 
marbles  of  very  great  varieties  of  colour  may  be  obtained, 
though  tints  of  grey  chiefly  prevail,  and  they  deserve  to  be 
far  more  extensively  employed  than  they  have  hitherto  been  :  a 
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greater  demand  would  cause  many  more  varieties  to  be  worked.* 
A  beautiful  green  marble  is  found  in  Kitley  Park,  and  the  rose- 
coloured  dolomite  in  the  vicinity  of  the  same  place  affords  a  very 
handsome  though  hitherto  neglected  material. 

Much  of  the  serpentine  of  the  Lizard,  though  hitherto  most 
strangely  neglected,  is  extremely  beautiful,  particularly  where 
veins  of  red  traverse  the  olive-green  ground,  mixed  with  lighter 
tints.  This  variety  chiefly  occurs  in  the  lowest  parts  of  the  rock, 
adjoining  the  hornblende  slate  and  rock ;  both  of  which  may  be  also 
cut  and  polished  to  advantage.  The  best  places  for  obtaining  the 
red-striped  varieties  which  we  have  seen  occur  at  the  Balk,  near 
Landewednack ;  at  the  Signal  Staff  Hill,  near  Cadgwith;  at 
Kennack  Cove;  and  on  Goonhilly  Downs,  on  the  N.W.  of 
Roacrowgie.  A  variety,  with  an  olive-green  base,  striped  with 
greenish-blue  steatite  veins,  is  found  at  the  commencement  of  the 
serpentine  near  Trelowarren,  close  to  the  high-road  from  Helston 
to  Goonhilly  Downs.  As  to  the  variety  of  tint,  it  is  almost  end- 
less. We  must  not,  however,  neglect  to  notice  a  very  hard  and 
beautiful  variety,  having  a  reddish  base  studded  with  crystals  of 
diallage,  which,  when  cut  through  and  polished,  shine  beautifoUy, 
of  a  metallic  green  tint,  in  the  reddish  base. 

It  has  been  supposed  that  blocks  of  fair  size  could  not  be  ob» 
tained  from  the  Lizard  serpentine.  This  we  are  inclined  to  con- 
sider a  somewhat  hasty  opinion,  inasmuch  as  quarries  to  ascertain 
the  fact  have  not  been  opened  in  those  places  where  the  hard 
weathered  fragments,  chiefly  now  employed  in  the  few  ornamental 
works  executed  in  this  material,  would  lead  us  to  suppose  that 
the  rock  might  be  sufficiently  solid  beneath  to  afford  serpentine  in 
large  ^solid  blocks.  It  is  to  be  regretted  that  such  situations  as 
the  Cadgwith  Signal  Hill  have  not  been  fairly  worked.  Blocks 
of  fair  dimensions,  from  which  chimney-pieces  have  been  cut, 
hare  already  been  obtained  of  the  reddish-brown  serpentine,  con- 
taining crystals  of  disseminated  diallage — a  rock  which  occurs 
in  large  quantities  both  near  the  Black  Head  on  the  east,  and 
north-west  from  Lizard  Town  on  the  west.f 

•  Marble-masons  are  established  in  many  of  the  towns  of  the  district,  by  whom 
the  ]>evon  marbles  are  worked,  but  the  demand  is  in  general  limited  to  their  im- 
mediate vicinities. 

-f-  While  noticing  the  economic  uses  of  the  Lizard  serpentine,  we  should  not  omit 
to  mention  that  two  or  three  cargoes  of  it  are  shipped  annually  to  Bristol,  for  the 
purpose  of  furnishing  magnesia  for  the  carbonate  of  magnesia  there  manufactured. 

2k2 

Digitized  by  VjOOQiC 


500  ECONOMIC  GEOLOGY. 

Some  of  the  steatite  veins  in  the  serpentine,  when  sufficiently 
large  and  intermingled  with  fragments  of  the  containing  rock, 
afford  a  handsome  material  for  small  vases.  Veins  of  this  kind, 
though  far  from  common^  are  found  in  different  places,  but  more 
particularly  between  Pedn  Boar  and  the  Black  Head. 

The  diallage  rock,  or  Crousa  Down  stone,  which  Mr.  Majendie 
long  since  pointed  out  as,  "  from  its  great  beauty  and  hardness, 
eminently  adapted  for  purposes  of  architectural  ornament;"  fur- 
ther observing,  that  columns  and  blocks  of  any  required  size 
might  be  obtained  near  the  coast,  and  be  ea:9ily  shipped  from 
thence,*  still  remains  neglected.  When  cut  and  polished,  some 
varieties  have  a  fine  purple  tint,  and  others  verge  more  on  green. 
It  is  an  excellent  material,  and  might  be  exported  in  any  quan- 
tity at  Coverack  Cove,  as  previously  mentioned,  when  its  qualities 
as  a  pavement-stone  were  noticed.  Near  the  latter  place  there 
are  some  varieties,  in  which  saussurite  prevails,  from  which  small 
ornaments  might  advantageously  be  worked. 

The  granites  of  the  district,  though  many  look  extremely  well 
when  cut  and  polished,  have  hitherto  also  been  much  neglected. 
The  columns  in  the  hall  at  Pendarves  are  the  chief  exceptions  of 
which  we  are  aware.  These  were  obtained  from  the  neighbouring 
granite,  and  have  a  good  appearance.  In  the  grotto  at  Mena- 
billy,  there  is  a  central  polished  table,  constructed  of  a  variety  of 
Cornish  granites  and  elvans.  Among  those  which  have  been  cut 
and  polished  for  the  Museum  of  Economic  Geology,f  the  fine- 
grained granite  from  Castle  an  Dinas,  pear  Penzance,  may  be 
noticed  as  possessing  an  agreeable  rich  light-brown  tint.    Tbe 


•  Trans.  Geol.  Society  of  Cornwall  (1818),  vol.  i.  p.  36.  Th«  bad  poliili  fUted  ti» 
be  taken  by  the  serpentine  of  the  Lisard,  by  Mr.  Majendie,  must  chiefly  have  arisea 
from  the  inability  of  the  workmen  employed  to  produce  it.  The  vases  worked  at 
Penzance,  in  this  material,  have  a  good  appearance ;  and  the  chimney-pieces*  at 
Truro,  are  well  polished.  We  had  many  slabs  worked,  and  found  the  \H)\uh  always 
fair,  and,  in  general,  good,  much  depending  on  the  relative  hardness  of  the  rock. 

f  In  this  Museum,  established  under  the  Department  of  Woods  and  Public  Worki. 
the  various  British  mineral  substances  used  for  roads,  for  constructing  public  works, 
or  buildings,  employed  for  ornamental  purposes,  from  which  the  useful  metals  are 
extracted,  and  which  illustrate  the  application  of  geology  to  agriculture,  with  mo- 
dels of  mines,  and  the  machinery  employed  in  them,  are  now  collecting.  Already 
considerable  progress  has  been  made,  and  there  is  a  large  collection  illostimtire  of 
Cornish  copper  and  tin  lodes,  and  building  and  ornamental  stones;  due,  almost 
exclusively,  to  the  liberality  of  the  Cornish  gentry  and  mining  agents  who  have 
presented  numerous  specimens. 
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fine  granite  of  M abe  is  of  a  good  grey  tint,  and  would  be  very 
ornamental  if  polished  for  columns  or  tables. 

Much  granite^  with  a  purplish  felspar^  raised  in  the  old  work- 
ings  at  Wheal  Damsel^  inGwennap,  would  be  handsome  if  worked 
and  polished ;  as  also  that  of  Cligga  Point,  which  contains  crystals 
of  rose-coloured  felspar.  For  appearance  few  granites  can  exceed 
the  white  variety  found  up  the  valley  of  the  West  Okement,  near 
Okehampton.  It  occurs  as  an  isolated  patch  amid  altered  car« 
bonaceous  rocks^  greenstones,  and  limestones^  on  the  skirts  of 
Dartmoor.  It  is  a  beautiful  materia]^  and  may  be  obtained  in 
large  quantities ;  but  we  believe  it  has  not  hitherto  been  employed, 
except  by  the  Honourable  Newton  Fellowes,  for  a  chimney-piece, 
at  his  seat  at  Eggesford,  near  Chumleigh,  in  North  Devon.  At 
a  short  distance  this  granite  has  the  appearance  of  statuary- 
marble. 

As  part  of  the  granitic  masses  we  should  notice  the  schorl  rocks, 
many  of  which,  when  sufficiently  hard,  would  be  handsome,  if  pro- 
perly worked  and  polished.  An  elegant  variety  of  this  rock,  from 
St.  Mewan's  Beacon,  near  St.  Austell,  is  worked  for  Mr.  Austen 
Treffry's  house,  at  Place,  Fowey:  it  presents  a  white  base  of 
quartz,  through  which  are  disseminated  black  spots  of  schorL 

Many  of  the  hard  elvans  are  very  beautiful,  when  worked  and  po- 
lished, particularly  those  which  are  most  porphyritic,  and  in  which 
there  is  much  contrast  between  the  base  and  the  contained  crys- 
tals. The  most  remarkable  are,  probably,  those  which  are  ob- 
tained from  the  dyke  extending  from  Tremore,  near  Bodmin, 
towards  the  east,  on  the  south  of  Withiel  and  St.  Wenn.  They 
vary  much  in  colour,  but  that  with  a  reddish  or  flesh-coloured 
base,  in  which  there  are  white  crystals  of  felspar,  and  occasionally 
some  of  schorl  and  quartz,  is  the  most  beautiful,  and  occurs  in 
large  quantities  at  Tremore  village,  and  in  the  ravine  through 
which  a  brook  flows  down  to  Ruthan  Bridge.  Mr.  Austen 
Treffry  has  caused  this  reddish  porphyry  to  be  cut  and  polished 
by  means  of  water-power,  at  Fowey  Consols  Mine,  for  his  house 
at  Fowey,  where  it  is  employed,  mixed  with  the  schorl  rock  above 
noticed,  for  pavement  and  for  steps.  It  has  a  very  handsome 
appearance,  and  may  be  obtained  of  large  size,  blocks  being  found 
up  to  five  or  six  tons  weight ;  and  it  may  be  shipped,  at  small 
comparative  cost,  at  Wade  Bridge,  a  branch  from  the  rail-road 
between  that  place  and  Bodmin,  extending  to  within  a  short  dis- 
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tance  of  the  main  mass  of  porphyry.  There  is  one  variety  which 
may  be  obtained  in  fair  quantities  at  Tremore,  in  which  light- 
pink  crystals  of  felspar^  with  others  of  quartz  and  schorl,  are 
embedded  in  a  brownish  flesh-coloured  felspathic  base.  Another, 
of  which  however  we  only  found  small  portions,  contains  greenish 
felspar  crystals  in  a  light  flesh*coloured  base. 

A  very  beautiful  reddish  elvan  is  found  at  Barton  and  Ennis, 
near  the  Indian  Queen  Inn,  between  Bodmin  and  Truro.  Good 
varieties  may  be  obtained  from  some  of  the  Gwennap  elvans ;  that 
at  Seveock  Water,  near  Chasewater,  with  a  grey  granitic  base, 
containing  a  somewhat  roseate  felspar  and  radiated  nests  of  schorl, 
looks  well.  An  elvany  rock  at  M ayon,  near  the  Land's  Endi 
composed  of  felspar  and  schorl,  with  some  quartz,  and  which  is 
sometimes  red  and  at  others  light-coloured,  with  patches  of  black, 
has  a  handsome  appearance  when  worked  and  polished.  Mr. 
Came  points  out  also  a  kind  of  granitic  elvan  at  Bosava,  in  the 
same  district,  "  possessing  many  shades,  from  greyish  and  brown- 
ish white  to  deep  red,*'  rarely  containing  mica,  but  a  great  quan- 
tity of  schorl.*  Among  the  innumerable  varieties  of  elvans  which 
might  be  selected  for  ornamental  purposes,  we  may  notice  that 
which  is  roseate-tinted,  between  Tyecombe  and  Dowgas,  near 
St.  Austell,  and  the  very  light-coloured  elvan  near  Camelford,  as 
deserving  of  attention.! 

Hoofing  Slates, 

With  respect  to  roofing  slates,  there  are  many  quarries  in  the 
district,  generally  supplying  their  inunediate  neighbourhoods, 
and  which  are  rarely  exported,  with  the  exception  of  the  Dekbole 
and  other  slates  near  Tintagel.  In  the  northern  grauwacke  there 
are  scarcely  any  of  importance ;  some  slates  are,  indeed,  raised 
near  Treborough,  but  the  quantity  is  not  considerable.  Slates 
are  worked  in  the  carbonaceous  series  at  Ashbrittle,  on  the  north, 
and  in  the  same  series  near  Coryton  and  Launceston,  on  the 
south;  the  chief  quarries,  in  the  vicinity  of  Launceston,  being 

*  Trans.  GeoL  Society  of  Cornwall,  ?ol.  iiL  p.  242. 

f  Though  not  a  granitic  porphyry,  but  belonging  to  the  trappean  family,  we  may 
here  notice  that,  having  a  greenish-black  base,  with  white  crystals  of  felspar,  foand 
among  the  serpentine  of  tCe  Lisard,  between  Pbnhale  and  Bochin,  as  also  th«  por- 
phyritic  greenstone  of  Boswednon  Cliff,  near  Zennor. 
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near  Newchurch  farm,  Tresmarrow,  and  on  the  south  of  Bad  Ash. 
Slates  are  also  raised  in  the  range  of  the  latter  beds  on  the  west- 
em  coast. 

There  is  much  roofing  slate  in  the  grauwacke  ranging  round 
the  southern  part  of  Dartmoor.  There  are  quarries  at  Ing8don> 
near  Bickington ;  at  East  Down,  between  Ogwell  and  Ashburton ; 
at  BuIIand,  on  the  south  of  the  latter  place ;  near  Wash,  on  the 
east  of  Buckfastleigh ;  at  Bow,  on  the  north  of  Staverton ;  at 
Tigley  and  Moor,  near  Rattery ;  at  Roster  Bridge,  near  Harber- 
ton  Ford ;  at  Brixham  ;  at  Wood  and  Ludbrooke,  near  Ugbo- 
rough ;  at  Cann  Quarry,  near  Boringdon  Park  (to  which  a  canal 
has  been  made  up  the  Plym,  and  extensive  works  have  been 
carried  on)  ;  at  Leigham,  on  the  east  of  Egg  Buckland ;  and  at 
Mill  Hill,  near  Tavistock.  There  are  slate-quarries  in  Cornwall, 
at  Hay,  near  Callington;  at  Kerney  Bridge,  on  the  south  of 
Linkinghome ;  at  St.  Neott's ;  at  Newporth,  near  Morgan ;  at  Pen- 
quean,  near  Wade  Bridge ;  and  at  a  few  other  minor  places.  The 
great  Cornish  quarries  are  at  present  those  of  Delabole,  and  the 
vicinity  of  Tintagel;  including  a  large  one  on  the  sanding  road 
between  Penpethey  and  Pentafridle. 

The  Delabole  quarries  have  been  long  celebrated  for  producing 
a  beautiful  and  durable  material,  combining  considerable  light- 
ness with  strength.*  Borlase,  in  1758,  states,  "  that  for  its 
lightness  and  enduring  of  weather,  it  is  generally  preferred  to 
any  slate  in  Great  Britain."  He  describes  the  great  quarry,  as 
in  his  time,  300  yards  long,  100  wide,  and  80  deep ;  observing, 
that  "  all  the  slate  is  carried,  with  no  small  danger,  on  men's 
backs,  which  are  guarded  from  the  weight  by  a  kind  of  leather- 
apron  or  cushion.''  These  carriers  then,  it  appears,  disposed  of 
their  loads  of  slate  in  rows,  side  by  side,  until  the  area  allotted  to 
their  partners  was  full  (for  it  seems  they  worked  in  different  par- 
ties, probably   something  like  the  tribute-men  of  the  mines) ; 

*  Speaking  of  the  slates  of  Cornwall  as  healmff-ttomet,  that  is,  roofing^stones, 
Carew,  in  1602,  describes  the  blue  as  *<  in  substance  thinne,  in  colour  Cure,  in 
waight  light,  in  lasting  strong,  and  generally  carrieth  so  good  regard,  as  (besides 
the  supply  for  home  provision)  great  store  is  yeeiely  conveyed  by  shipping  both  to 
other  parts  of  the  realme,  and  also  beyond  the  seas,  into  Britaine  and  Netherland." 
Survey  of  Cornwall,  reprint  of  1769,  p.  6.  As  this  description  would  scarcely  apply 
to  any  other  Cornish  slate,  anciently  worked,  than  that  of  Delabole,  and  its  neigh- 
bourhood, we  may  conclude  that  about  two  centuries  and  a  half  since  it  was  in  great 
repute,  both  in  England  and  in  parts  of  the  Continent. 
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after  which  horses  were  ready  to  take  them  off,  and  carry  them, 
by  tale,  to  the  person  that  bought  them.*  The  mode  of  working 
this  quarry  is,  as  may  be  readily  supposed,  much  improved  at 
present;  and  the  slates,  in  the  rough,  are  raised  by  a  whim  to 
the  top,  whence,  after  being  more  finally  split  and  shaped,  they 
are  carried  away  by  carts  and  waggons  (means  of  conveyance 
probably  not  much  known  in  that  part  of  the  country  in  Borlase's 
time).  There  is  probably  little  difference  in  the  slates  r^sed  in 
the  old  quarry,  and  that  also  now  extensively  worked  near  the 
sanding  road  above  mentioned ;  but  the  slates  worked  on  the 
coast,  in  some  places  between  Trebarwith  Sands  and  Growar  Rock, 
near  Boscastle,  are  not  generally  considered  of  equal  quality. 
The  Delabole  slates  are  shipped  at  Tintagel  and  Boscastle,  and 
are  much  used  and  generally  esteemed  in  Cornwall. 

Flagstones. 

Flagstones  are  raised  in  many  places,  both  in  the  carbona- 
ceous series,  and  in  the  grauwacke  of  the  district,  where  the  more 
schistose  or  laminated  sandstones  furnish  a  material  fitted  for  the 
purpose.  In  the  slate  quarries,  also,  flagstones  are  often  ob- 
tained ;  some  portions  not  splitting  up  sufficiently  thin  for  roofing 
purposes,  while  other  varieties  would  not  repay  the  cost  of  divid- 
ing them  to  that  extent.  The  flagstones,  or  thick  slates,  of  this 
kind,  are  highly  esteemed  from  the  Delabole  quarries.  They  are 
exceedingly  durable,  not  only  when  exposed  to  atmospheric  influ- 
ence with  inscriptions  (such  as  those  on  tombstones)  upon  them, 
but  for  pavements  in  passages,  court-yards,  &c.  If  slightly 
roughed,  they  might  be  advantageously  employed  for  the  sides 
of  streets,  being  not  readily  worn  away  by  such  friction  as  they 
would  there  receive,  and  not  liable  to  be  damaged  by  frost. 

Gypsum, 

The  gypsum  in  the  vicinity  of  Watchet  is  occasionally  collected 
on  the  coast  and  exported  to  Bristol,  Swansea,  and  some  other 
places  in  the  Bristol  Channel ;  the  quantity,  however,  thus 
removed,  seems  inconsiderable,  and  by  no  means  equal  to  that 

*  Natural  History  of  Cornwall,  Oxford,  1758,  p.  94 . 
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which  might  be  obtained  if  there  were  an  extensive  demand  for  it, 
as  shafts  could  easily  be  sunk  inland,  and  galleries  driven  among 
the  gjrpsiferous  portions  of  the  red  marl  in  that  part  of  the  dis* 
trict.  The  gypsum  obtained  from  the  red  marl,  near  Brans- 
combe,  between  Beer  Head  and  Sidmouth,  is  so  inconsiderable 
as  scarcely  to  deserve  notice. 

Lime. 

As  regards  the  article  of  lime,  the  larger  portion  of  the  district 
may  be  considered  as  fairly  supplied,  many  places  near  the  north- 
em  coast,  within  a  reasonable  distance  from  which  it  is  not  found, 
being  furnished  with  it  from  the  carboniferous  limestone  of 
Wales;  and  on  the  south  the  limestones  of  Torbay  and  Ply- 
mouth being  sent  up  the  numerous  creeks  and  estuaries  on  that 
side. 

TTie  country  near  Weston-super-Mare  and  Bleadon,  including 
the  adjoining  Worle,  Lympsham,  Burnham,  and  Huntspill  levels, 
are  readily  and  well  supplied  with  lime  for  agricultural  and  build^ 
ing  purposes  from  the  carboniferous  limestone  of  Bleadon,  Worle, 
and  Middle  Hopes  hilk.  The  lias  of  Cossington,  Puriton,  Stoke- 
courcy,  EastQuantockshead,  St  Decuman,  and  Watchet,  furnishes 
that  which  is  excellent  for  the  foundations  of  buildings,  and  works 
under  water,  many  beds  being  good,  as  generally  happens  with 
the  lias  limestones,  for  what  are  commonly  termed  water-setting 
purposes.  It  it  also  a  fair  material  for  land  and  buildings  gene- 
rally, though  not  considered  so  valuable  as  the  lime  from  the 
carboniferous  limestone,  or  as  that  of  the  grauwacke  limestone  of 
Cannington  Park,  near  Bridgewater,  whence  large  quantities  are 
supplied ;  or  as  that  from  the  patches  of  similar  limestone  at  Co- 
thestone  Park,  Asholt,  Over  Stowey,  Doddington,  and  some 
other  places  on  the  north-east  and  south-east  of  the  higher  part  of 
the  Quantocks. 

Much  lime  is  supplied,  chiefly,  however,  for  agricultural  pur- 
poses, by  the  conglomerate,  with  a  calcareo-magnesian  cement,  of 
the  red  sandstone  series,  extending  from  Williton,  by  Stogumber, 
Lydeard  St.  Lawrence,  Fitzhead,  Milverton,  and  Langford  Bud- 
ville,  to  Thorn  St.  Margaret.  This  material  varies  much  in 
quality,  as  might  be  expected,  but  is  best  where  rolled  pieces  of 
crrauwacke  limestone  form  part  of  the  conglomerate.     In  break- 
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iag  up  the  stone  the  siliceous  pebbles  are  separated,  so  that  as 
much  of  the  cementing  matter  may  be  burnt  pure,  except  in  the 
case  of  the  limestone  pebbles  above  noticed,  as  can  be  managed. 
Extensive  works  are  carried  on  near  Wiveliscombe  and  Milver- 
ton  to  supply  the  country  on  the  east  and  west. 

The  grauwacke  limestones  near  Withycombe,  Nettleoombe, 
Treborough,  Luxborough^  and  Cutcombe,  furnish  lime,  generally 
of  good  quality,  to  the  country  adjacent  to  them.  The  conglo- 
merate with  calcareo-magnesian  cement  affords  this  material  at 
Alcombe,  near  Minehead;  but  the  supply  being  very  limited^ 
Welsh  lime  is  imported  at  the  latter  place.  The  valley  of  Holni- 
cote  and  Luckham  contains  both  calcareo-magnesian  conglome- 
rate  and  lias,  which  are  worked. 

The  mass  of  the  Exmoor  country  is  ill  supplied  with  lime. 
Small  patches  occur  at  Exford,  Newland,  Simonsbath,  and  Chal- 
licombe ;  but  the  amount  Airnished  by  them  is  relatively  so  small 
as  scarcely  to  deserve  notice.  At  Combe  Martin  it  again  be- 
comes comparatively  abundant,  and  is  extensively  worked  at 
various  places  between  Ilfracombe  and  Kentisbury.  There  is  a 
considerable  space,  as  will  be  seen  by  reference  to  the  map,  be- 
tween Morte  Ray  and  Dulverton,  which  can  be  only  furnished 
with  lime  from  the  patches  which  hold  their  course^  either  in  the 
grauwacke  or  in  the  carbonaceous  series,  from  Fremington  and 
the  neighbourhood  of  Barnstaple,  to  Bampton  and  Holcombe 
Rogus.  These  limestones  furnish  materials  of  very  variable  qua- 
lity ;  that  from  the  carbonaceous  series  being  marked  by  the  car- 
bonaceous matter  it  contains,  with  the  exception  of  a  few  beds  at 
Bampton,  and  the  grey  limestones  of  Holcombe  Rogus  and  West- 
leigh,  which  afford  as  fine  lime  as  the  best  grauwacke  limestones  of 
Devonshire,  l^e  value  of  this  material  in  that  line  of  country 
is  shown  by  the  expense  incurred  in  procuring  it,  frequently  in 
situations  (as  at  Swimbridge,  and  some  quarries  at  Bampton), 
where  a  mass  of  other  and  non-calcareous  beds  has  to  be  removed. 
The  quarries  of  Holcombe  Rogus  and  Westleigh  supply  large 
quantities  of  lime  to  the  non-calcareous  country  around  them. 

On  the  south  of  Taunton  the  lias  country  in  the  direction  of 
Staple  Fitz  Paine,  Hatch  Beauchamp,  Curry  Mallet,  Fivebead, 
Ashill,  and  Broadway,  is  of  course  well  furnished  with  this  ne- 
cessary material,  and  supplies  it  to  a  part  of  the  district  formed  by 
the   red  sandstone  series  on  the  north,  and  to  a  portion  of  the 
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green  sand  country  of  the  Black  Down  Hills  which  rise  above  it. 
Quarries  of  lias  are  worked  in  the  valley  of  the  Yart  (among 
these  hills),  near  Marsh ;  and  the  chalk  supplies  lime  upon  them> 
at  the  head  of  the  Otter  Valley,  at  Brue  Moor,  and  on  the  east 
at  Northay ;  also  at  White  Staunton,  and  in  the  vicinities  of 
Combe  St.  Nicholas,  Chard,  Chardstock,  Brinscombe,  and  Mem- 
bury.  Lias  limestone  is  worked  near  Wambrook,  and  the  lias 
portion  of  the  valley  of  the  Axe  supplies  lime  for  that  part  of  the 
district,  as  is  the  case  also  with  the  valley  of  Lyme  Regis.  From 
the  latter  place  much  lias  has,  from  time  to  time,  been  exported 
for  die  purpose  of  making  cement  in  London,  for  which  it  is  an 
excellent  material.  While  noticing  this  lias,  it  is  worthy  of 
remark,  as  illustrating  the  economic  value  of  geological  informa- 
tion, that  when  Smeaton  built  tlie  Eddystone  Lighthouse,  he  sent 
round  the  Land*s  End  to  Aberthaw,  in  South  Wales,  for  the  very 
same  material  which  he  could  have  procured  equally  good  from 
Lyme  Regis,  and  at  a  cost  less  by  the  difference  of  freight  from 
the  two  places.  Not  only  lias,  but  chalk  also,  is  burnt  for  lime 
on  the  west  of  Lyme  Regis ;  and  the  latter  rock  is  also  employed 
for  the  same  purpose  at  Beer  and  Branscombe,  in  the  direction 
of  Sidmouth. 

A  glance  at  Plate  L  will  show  that  there  must  be,  from  the  ab- 
sence of  limestone  in  a  large  tract  of  country  comprised  between 
Bideford  Bay  and  Boscastle  on  the  west,  and  the  greater  portion 
of  the  Black  Down  Hills,  with  their  southern  continuation,  on  the 
east — a  considerable  area,  in  which  lime  must  be  expensive,  in 
consequence  of  the  heavy  land-carriage  that  must  be  borne,  more 
especially  by  those  inhabiting  the  central  portions  of  it.  The  estu- 
ary of  the  Exe,  by  breaking  into  this  area  on  the  south-east, 
offers  the  facility  of  water-carriage,  and,  consequently,  a  cheaper 
and  more  abundant  supply  of  this  article  than  would  otherwise  be 
obtained.  Limestones  from  Babbacombe  or  Torbay  are  carried 
up  it,  and  burnt  in  various  kilns  along  its  shores,  supplying 
Exeter,  and  its  neighbourhood,  at  comparatively  small  cost. 

In  the  calciferous  country  around  Chudleigh,  Ashburton,  Newton 
Bushell,  Totnes,  and  Torbay,  there  is  of  course  no  want  of  lime, 
and  the  stone  being  good  the  product  is  much  used.  Large  quanti- 
ties of  limestone  are  quarried  in  Tor  and  Babbacombe  Bays,  and 
exported  to  the  Teign,  the  Exe,  and  the  Otter.  Though  lime- 
stone patches  occur  here  and  there  in  the  country  between  the 
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Dart  and  the  Erme,  lime  becomes  scarce  in  some  parts  of  it. 
Plymouth  limestone  being  imported  into  the  Kingsbridge  estuary, 
a  large  portion  of  the  land  near  it  is  supplied  at  moderate  cost. 
The  like  happens  up  the  tidal  portions  of  the  Avon  and  Erme, 
at  the  heads  of  the  creeks  in  which  lime-kilns  will  be  generally 
found,  llie  limestones  of  Sequers  Bridge  and  Yealmpton  plen- 
tifully supply  the  country  near  them. 

The  extent  to  which  the  Plymouth  limestones  are  worked  is 
very  considerable  ;  not  only  are  they  sent  to  the  eastward  as  above 
noticed,  but  they  are  also  plentifully  exported  to  the  westward, 
where  there  are  no  limestones  to  compete  with  them,  except  those 
from  South  Wales.  A  great  quantity  of  the  former  limestone  is 
also  carried  up  the  navigable  parts  of  the  Tamar,  Tavy,  and 
Lynher ;  so  that  we  are  less  surprised  at  the  vast  excavations 
near  Plymouth  than  we  might  otherwise  be,  more  particularly 
when  we  recollect  the  great  number  of  tons  which  have  been  used 
at  the  Breakwater  in  the  Sound.  From  the  great  distance  to 
which  the  Tamar  is  navigable  (p.  23),  a  large  portion  of  country 
in  which  lime  would  otherwise  be  an  expensive  article,  is  supplied 
at  moderate  cost. 

The  patches  of  limestones  in  the  carbonaceous  series  from  the 
vicinity  of  Lifton  to  Bridestow  (and  found  also  in  continuation 
at  Elmdon,  near  Okehampton,  at  South  Tawton,  and  Drew- 
steignton)  furnish  lime  of  variable  quality  and  in  fair  quantity  to 
the  country  near  them,  being,  however,  dark-coloured,  from  the 
carbon  in  them. 

With  the  exception  of  the  patches  of  limestone  at  South  Pether- 
win,  Trenalt,'*'  Rock  (near  Padstow),  and  some  other  places,  the 
suppUes  from  which  are  comparatively  inconsiderable,  Cornwall 
is  furnished  with  lime  either  from  Devon  or  South  Wales ;  on  the 
northern  coast,  entirely  from  the  latter.  According,  therefore, 
to  the  proximity  to  places  where  it  may  readily  be  landed,  de- 
pends the  cost  of  this  material.  As,  however,  the  situations 
where  limestone  cargoes  may  be  discharged,  including  those 
creeks  and  coves  where  the  shore  may  be  approached  in  fine 
summer  weather,  are  numerous,  Cornwall  is  by  no  means  so  de- 
ficient in  this  material  as  might  be  imagined,   though  of  course 

*  A  large  cavern  has  been  formed  at  this  place  by  working  out  the  limefltooe 
fouod  amidst  the  slate. 
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there  must  be  many  parts  of  it  where  it  is  comparatively  expen- 
sive.* 

China  Clay  and  Stone. 

This  substance  is  prepared  artificially  in  Cornwall  and  Devon, 
chiefly  from  the  Hensborough,  or  St.  Austell  granite,  and  from 
the  south  side  of  Tregonning  Hill  in  the  former,  and  from  the 
southern  granite  of  Dartmoor,  near  Corn  wood,  in  the  latter.  The 
process  is  exceedingly  simple,  and  consists  in  washing  the  decom- 
posed rock  in  such  a  manner  that,  by  the  aid  of  a  succession  of 
tanks,  the  heavier  and  useless  particles  of  quartz,  schorl,  or  mica, 
may  fall  from  the  water  in  which  they  were  held  mechanically 
suspended,  or  forced  forward  by  its  velocity;  while  the  finer 
particles,  those  composed  of  the  remains  of  the  decomposed  fel- 
spar, are  carried  onwards  and  allowed  quietly  to  settle  in  other 
tanks,  where,  the  water  being  removed  and  the  sediment  partially 
dried,  the  latter  is  conveyed  to  proper  houses,  where  the  drying  is 
completed. 

In  a  district  of  decomposed  granite,  such  as  much  of  the  east- 
em  part  of  the  Austell  mass,  those  places  are  selected  in  which 
the  rock  contains  as  little  matter,  except  that  formed  from  the  de- 
composition of  the  felspar,  as  possible,  and  where  water  can  be 
turned  on  conveniently.  The  decomposed  rock,  usually  contain- 
ing much  quartz,  is  exposed  on  an  inclined  plane  to  a  fall  of  a 
few  feet  of  water,  which  washes  it  down  to  a  trench,  whence  it  is 

«  Corew,  witliout  mentioning  the  localities  where  limestone  was  ohtained  in  his 
time,  ttaUs  that  lime  was  then  made  in  Cornwall,  '*  cither  by  burning  a  great 
quantity  thereof  (the  stone)  together,  with  a  fenrent  fire  of  furze,  or  by  maintaining 
a  continual  though  lesser  heat,  with  stone  cole,  in  smaller  kils.  This,"  he  con- 
tinues, **  is  accompted  the  better  cheape,  but  that  yeeldeth  the  whiter  lime."  (Sur- 
vey of  Cornwall,  p.  6.)  As  he  mentions  in  another  place  (p.  21),  that  stone  coal 
was  at  that  time  im|)orted  for  fuel  into  Cornwall,  it  would  thus  appear  that  Welsh 
coal  or  culm  was  used,  as  now,  in  the  Cornish  limekilns,  nearly  two  centuries  and 
a  half  since. 

We  learn  from  Borlase,  that  lime  was  chiefly  employed  for  manure  in  the  middle 
of  the  last  century,  in  the  eastern  parts  of  Cornwall.  He  mentions  limestone  as 
raised  at  Wolvedou,  in  the  parish  of  Probus,  and  near  Pencarrow.  The  limestone 
of  Padstow  was  then  considered  as  not  paying  the  expense  of  burning,  while  that 
near  New  Quay  was  found  to  be  easily  vitrified.  He  praises  the  lime  of  South 
Petherwin,  which  he  notices  as  being  much  employed  in  that  vicinity ;  stating,  how- 
ever, that  the  lime  employed  on  the  east  of  Cornwall  was  then  chiefly  derived  from 
Plymouth  and  lifton.    Nat.  Hist.  Cornwall,  p.  85. 
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conducted  to  the  catch-pits.  The  quartz  and  other  impure  par- 
ticles are  in  a  great  measure  retained  in  the  first  catch-pit ;  but 
there  is  generally  a  second^  or  even  third  pit,  in  which  the  grosser 
portions  are  collected  before  the  water,  charged  with  the  finer 
particles  of  the  clay^  is  allowed  to  come  to  rest  in  the  larger  tanks 
or  ponds.  Here  the  china-clay  sediment  is  allowed  to  settle,  the 
supernatant  water  being  withdrawn  as  it  becomes  clear,  by  means 
of  plug-holes  in  the  sides  of  the  tank.  By  repeating  this  process 
the  tanks  become  sufficiently  full  of  clay  to  be  drained  of  all 
water,  and  the  clay  is  allowed  to  dry  so  much  as  to  be  cut  into 
cubical  or  prismatic  masses  of  about  nine  inches  or  one  foot  sides, 
which  are  carried  to  a  roofed  building,  through  which  the  air  can 
freely  pass,  and  where  the  cubical  or  prismatic  lumps  are  so 
arranged  as  to  be  dried  completely  for  the  market  When  con- 
sidered properly  dry,  the  outsides  of  the  lumps  are  carefiifly 
scraped,  and  exported  to  the  potteries  either  in  bulk  or  in  casks, 
as  may  be  agreed  upon.* 

The  clay  necessarily  varies  much  in  quality :  the  best  has  ge- 
nerally been  obtained  from  the  neighbourhood  of  St  Stephens. 
It  appears  that  1757  tons  of  this  clay  were  exported  from  Charles 
Town  to  the  potteries  in  1809,  1888  tons  in  1810,  2086}  tons  in 
1811,  and  1252  tons  in  1812.t  Between  25th  March,  1816, 
and  the  same  day  in  1817,  1775  tons  were  shipped  at  the  same 
port  for  the  china  manufactories  in  Worcestershire.^  It  also  ap- 
pears that  this  export  had  greatly  increased  in  1826,  for  we  find 
that  7090  tons  were  shipped  from  Charles  Town  in  that  year  for 
various  places ;  making,  with  400  tons  at  Pentuan^  30  at  Forth- 
leven,  and  18  from  St.  Michaers  Mount,  7538  tons  shipped  from 
Cornwall  in  1826.§  If  in  round  numbers  the  artificial  china-clay 
at  present  exported  from  Cornwall  and  Devon  were  estimated  at 
about  7600  tons  per  annum,  it  would  probably  be  not  bx 
wrong. 

Independently  of  this   artificial  china-clay^  the  district  fur- 

*  By  preparing  a  clay,  naturaUy  coloured  by  iron,  from  a  decomposed  elvan  oa 
the  west  of  Killiow,  near  Truro,  a  very  excellent  yellow  ochre  is  obtained,  and 
considerable  quantities  of  it  are  sent  from  thence.  Other  decomposed  ehans;  «> 
for  example^  that  on  the  downs  on  the  east  of  Camon,  and  at  Penlaney  near  CoUO} 
are  made  into  excellent  crucibles,  commonly  known  as  Cornish. 

t  Lysons*  Mag^a  Britannia,  ComwaU«  p.  ccxi. 

{  Trans.  Oeol.  Society  of  Cornwall,  vol.  i.  p.  233. 
IhifL,  vol.  iii.  p.  360. 
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nishes  about  25,000  tons  of  a  natural  china-clay  of  inferior  quality 
from  the  siipracretaceous  deposit  of  Bovey  Tracey  *  This  clay, 
which  is  stated  to  have  been  first  worked  about  the  year  1730,f 
is  shipped  at  Teignmouth  for  the  potteries,  and  would  appear  to 
have  been  formed  naturally,  much  in  the  same  manner  as  is  now 
done  artificially  in  Cornwall  and  Devon,  though  on  a  larger 
scale,  decomposed  granite  having  been  washed  down  from  Dart* 
moor  into  a  lake  or  estuary ;  so  that  while  the  grosser  particles 
were  first  lodged  at  its  higher  end,  nearest  the  granite,  the  fine 
sediment  was  accumulated  at  the  lower  part.  Large  quantities 
of  tins  material  have  been  and  still  continue  to  be  raised  from  the 
neighbourhood  of  Teigngrace  and  Whiteway,  and  other  places  at 
that  side  of  Bovey  Heathfield,  The  mode  of  raising  it  is  ex- 
tremely simple,  generally  consisting  in  removing  the  gravel  head 
and  sinking  a  large  rectangular  pit,  the  sides  of  which  are  sup- 
ported by  wood.  As  the  pit  is  sunk,  the  workmen  who  cut  out 
the  clay  in  cubical  or  prismatic  lumps,  weighing  from  about 
30  to  35Ib.  each  (of  much  the  same  size  as  those  used  for  the 
artificial  clay),  fling  the  pieces  by  means  of  a  pointed  staff  from 
stage  to  stage,  according  to  the  depth  ;  after  which  it  is  carried 
to'  the  clay  cellars,  and  thence  forwarded  when  properly  dried. 

A  large  vein  of  steatite,  in  the  serpentine,  was  formerly  worked 
for  china-making  at  Gue  Grease,  near  Kynance,  in  the  Lizard 
district.  This  is  now  exhausted  as  regards  its  profitable  extrac- 
tion ;  but  it  would  appear  that,  about  twenty  years  since,  12  tons 
of  it  were  annually  exported  to  the  china-works  at  Swansea. J 

Independently  of  the  china-clays,  about  350  tons  of  a  fine  clay 
are  annually  shipped  firom  Hayle  to  the  copper-works  in  South 
Wales.  The  clay  of  St.  Agnes  Beacon  (p.  259)  is  extensively 
used  by  the  miners  to  hold  their  candles ;  an  employment  of  it, 
however,  which  must  be  somewhat  of  modern  date,  inasmuch  as 


•  The  BeY.  John  Templer  estimated  the  annual  export  of  this  day,  in  1822,  at 
about  20,000  tons.  I^totu^  Magna  Britanma,  Devonthire,  p.  ecxci.  The  demand 
WM  then  stated  to  ha?e  greatly  increased  within  forty  years.  Supposing  our 
estiniate  of  the  present  export  to  be  correct, — and  it  appears  that  of  late  years 
(AiBten  MS.)  it  has  varied  from  23,000  to  28,000  tons  in  different  yearsr—the 
(juantity  of  this  clay  worked  in  the  potteries  has  increased  within  the  last  fifteen 
years. 

f  Lysons'  Magna  Britannia,  Devonshire,  p.  ccxci. 

X  The  actual  quantity  raised  was  far  greater,  the  finer  parts  alone  having  been 
selected  with  care  and  exported. 
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both  Borlase  and  Pryce,  when  noticing  this  clay,  merely  state 
that  it  had  been  used  for  making  tobacco  pipes,  but  that  the  Pool 
clays  had  superseded  it 

In  addition  to  the  china-clay,  a  semi-decomposed  granite  of 
nearly  the  same  composition  as  the  china-clay  before  it  is  pre- 
pared, when  the  gains  of  quartz  are  still  disseminated  through 
it,  is  exported  to  the  potteries.  Indeed,  the  china-day  can  be 
considered  as  little  more  than  this  granite  in  a  more  advanced 
state  of  decomposition.  It  is,  as  Dr.  Boase  has  remarked,  com- 
posed of  quartz,  semi-decomposed  felspar,  and  scales  of  a  green- 
ish-yellow talcose  substance,  requiring  nothing  more  than  to  be 
broken  into  convenient  pieces  for  carriage  to  be  fit  for  exportation, 
those  parts  of  a  quarry  being  avoided  in  which  schorl  becomes 
intermixed  with  the  rock.  This  china-stone  is  chiefly  quarried 
from  the  granite  on  the  north  of  St  Stephens,  and  about  5000 
tons  of  it  are  annually  exported  from  Charles  Town.* 

If  in  round  numbers  we  take  the  artificial  china-clay  exported 
from  Cornwall  and  Devon  at  7500  tons,  the  natural  china-clay  »t 
25,000  tons,  and  the  china-stone  at  5000  tons,  we  have  37/"^ 
tons  of  mineral  matter  annually  shipped  from  the  district  to  the 
potteries.  It  appears  that  the  china-clay  has  been  lately  (1838) 
selling,  for  ready  money,  at  1/.  12*.  per  ton,  and  the  china-stone 
at  16*.  per  ton ;  the  former  in  bulk  at  that  price,  and  without 
being  packed  in  casks,  for  which  4*.  per  ton  additional  are 
charged.  The  annual  export  of  the  china-stone  and  artificial 
china-clay  may  therefore  be  estimated  at  16,000/.,  and  if  the 
average  cost  of  the  natural  clays  from  Devon  be  taken  at  only 
11.  2s.  per  ton,  the  value  of  these  various  materials  would  amount 
to  43,500/.  annually.  This  export,  considerable  as  it  has  become, 
is  of  comparatively  recent  date.  Borlase,  in  his  list  of  clays,  in 
1758,  makes  no  mention  of  any  employed  in  pottery.     He 

*  It  is  stated  in  Lysont'  Maigna  Britannia  (Cornwall,  p.  cad.)  thai  the  chint- 
fltone  exported  from  Charles  Town  amounted — 

In  1809  to  1 162  tons      I      In  181 1  to  1535  tons. 
„  1810  „  1563    „        I       „  1812  „  1530    „ 
The  following  is  a  return  of  the  china-stone  exported  from  Cornwall  in  1826 
(Trans.  Geol.  Soc.  Cornwall,  vol.  iii.  p.  360.) : — 

Shipped  at  Charles  Town 5000  tons 

,,        Porthleven 150  „ 

,,        St  Michael's  Mount 102   „ 

The  china-stone  shipped  at  the  two  last  places  was  prohably  from  TVegooning 
Hill. 
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merely  notices  that  of  Amalebria,  in  Towednack,  as  likely,  from 
some  experiments  he  made,  to  be  useful  in  making  porcelain  ;* 
and  states  that  there  were  other  white  clays,  such  as  at  Tregon- 
ning  Hill,  near  Breague,  in  the  parish  of  St.  Enoder,  &c.  He 
must,  therefore,  have  seen  those  which  have  been  subsequently 
worked  for  china-clay,  though  it  does  not  appear  that  any  were 
then  used  as  such.  He  states,  however,  that  Mr.  Cook  worthy,  of 
Plymouth,  had  made  experiments  on  the  Breague  china-stone, 
and  that  it  had  been  found  useful  in  the  making  of  porcelain,  f 
Mr.  Cookworthy  was  the  first  to  manufacture  porcelain  in  Eng- 
land ;^  and  Mr.  Dillwyn  informs  us  that  some  of  his  china,  made 
in  experimental  works,  is  still  the  most  beautiful  which  has  been 
produced  in  this  country.  Pryce,  in  1778,  states  that  the  public 
were  indebted  to  Mr.  Cookworthy  for  his  late  improvements  in  the 
porcelain  manufactory  established  at  Bristol,  which  he  describes 
as  then  likely  to  rival  the  best  Asiatic  china ;  §  and  he  further 
informs  us  that  china-clay  was  then  made  in  the  parishes  of 
Breague  and  St.  Stephen's,  by  repeated  washings  with  clear  water, 
and  afterwards  packed  in  casks  and  sent  off,  ||  The  artificial 
making  of  china-clay  in  Cornwall  would  thus  appear  to  have 
commenced  between  the  years  1758  and  1778;  and  as  Mr. 
Cookworthy,  who  is  mentioned  as  a  person  of  much  talent,  was 
busily  engaged  during  that  time  in  bringing  his  porcelain  manu- 
facture to  perfection,  we  may  infer  that  the  first  preparation  of 
this  clay  was  due  to  his  exertions.^ 

Anthracite  and  Lignite. 

The  beds  of  anthracite  which  stretch  across  the  country  from 
Barnstaple  Bay  by  Bideford  and  Alverdiscot  towards  Chittlehamp- 

*  Nat.  Hist  Cornwall,  p.  64.  He  elsewhere  observes  (i6.,  p.  320),  that,  for  making 
porcelain,  many  clays  may  be  found  in  Cornwall. 

t  Nat.  Hist  Cornwall,  p.  99. 

\  Dillwyn  MS.  According  to  Lysons  (Mag.  Brit.  Devon.,  p.  cccv.),  Mr.  Cook- 
worthy fint  established  his  porcelain  manufactory  at  Plymouth,  in  1733;  whence 
it  was  removed  to  Bristol,  and  afterwaids  to  Worcester,  where  it  has  been  since 
carried  on.     It  '^  not  clear  whence  he  obtaintid  his  first  clays. 

§  Miaeralogia  Comubiensis,  p.  1 10.  ||  76.,  p.  32. 

^  It  is  possible  that  Cookworthy  may  have  used  artificial  Cornish  china-clay  be- 
fore 1758,  and  that  he  kept  it  secrvt. 

2l 
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ton  would  appear  to  have  been  long  known ;  indeed  it  is  probable, 
as  the  crop  of  the  beds  is  very  readily  seen,  that  these  portions 
were  long  since  worked.  Vancouver,  in  his  Agricultural  Survey 
of  Devonshire,  notices  a  bed  varying  from  four  to  twelve  inches 
in  thickness,  near  Chittlehampton,  probably  the  bed  in  Hawk- 
ridge  Wood,  near  the  Taw.  According  to  Lysons,  the  culm  or 
anthracite  in  the  parish  of  Tawstock,  perhaps  meaning  the  beds 
near  Eastacot,  was  extensively  worked  in  the  middle  of  the  last 
century,  the  pit  re-opened  about  1790,  and  again  abandoned,  oq 
account  of  the  water,  in  1800,  when  the  depth  of  the  pit  is  stated 
to  have  been  25  fathoms,  and  the  quantity  of  anthracite  thrown 
up  equal  to  900  bushels  per  week.* 

Old  pits  on  the  out-crop  of  the  anthracite  beds  are  very  com- 
mon, so  that  these  beds  may  be  easily  traced  across  the  country. 
Making  a  very  considerable  angle  with  the  horizon,  they  have 
been  worked  in  the  manner  of  lodes  or  mineral  veins.  They  are 
very  irregular  in  thickness,  and  are  therefore  comparatively  ex- 
pensive to  work  (see  fig.  14,  p.  125),  except  where  a  feir  average 
thickness  can  be  obtained  for  some  distance.  Culm  or  anthracite 
mines  are  now  (1838)  at  work  about  a  mile  on  the  east  of  Bide- 
ford ;  Mr.  John  Hundle,  M.P.,  who  is  interested  in  them,  in- 
forms us  that  for  the  last  year  they  had  not  done  much  there,  but 
that  about  twelve  to  eighteen  months  since  they  drove  a  little 
under  the  adit,  and  in  a  short  time  obtained  from  600  to  700  tons 
of  anthracite.  It  appears  that  these  mines  were  partially  opened 
by  two  parties,  about  twelve  or  fifteen  years  since,  for  200  fathoms 
in  length,  above  an  adit  1 5  fathoms  deep.  The  eastern  mine,  in 
full  work,  employed  three  men  and  five  boys,  and  produced  about 
700  bushels,  or  58  tons  of  anthracite  per  week.  From  the  west- 
em  mine  about  1500  tons  were  raised  in  one  year.  The  middle 
or  great  anthracite  bed,  upon  which  all  the  chief  workings  ha?e 
been  carried  on,  is  described  as  varying  from  6  inches  to  14  feet 
in  thickness,  the  average  being  about  7  feet  As  far  as  had  been 
seen  or  heard  of  this  bed,  it  had  everywhere  been  removed  by  old 
workings  to  the  depth  of  8  or  10  fathoms,  as  far  probably  as 
could  then  be  conveniently  accomplished  before  the  water  became 
too  abundant  for  the  common  machinery  employed.*}-     SiiflScient 

*  Magna  Britannia,  Devonshire,  p.  ccxcii.  f  R'ln  lie  MS. 
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anthracite  was  at  one  time  raised  near  Greenacliff^  in  Barn- 
staple Bay,  to  bum  with  the  limestone  brought  there  from  South 
Wales.* 

Here  and  there  thin  anthracite  seams  have  been  detected  in 
other  parts  of  Devon,  as  in  the  grauwacke  with  the  plants  on  the 
north  of  Barnstaple  (p.  50),  between  the  limestones  near  Ash* 
burton,  amid  the  limestones  of  Bunker's  Hill,  near  Totnes,f  as 
well  as  in  a  few  other  parts  of  the  carbonaceous  series ;  indeed  a 
bed  of  six  inches  is  stated  to  have  been  lately  cut  during  the 
progress  of  the  Bristol  and  Exeter  railroad  near  Collumpton. 

Generally  speaking,  sufficient  carbonaceous  matter  has  been 
found  in  the  carbonaceous  series  of  Devon  to  produce  a  profitless 
expenditure  in  the  search  of  coal.  So  long  as  there  was  enough 
carbon  to  render  the  shales  tolerably  black,  every  success  was 
anticipated.  In  consequence,  much  money  has  been  thrown 
away  in  such  fruitless  trials,  which  it  is  to  be  feared  may  still  be 
repeated,  though,  from  the  numerous  sections  afforded  in  the 
country,  it  must  be  clear  that  the  only  chance  of  working  anthra- 
cite at  all  profitably  (and  it  is  the  only  substance  likely  to  be 
obtained)  must  be  in  the  line  of  beds  above  noticed,  as  extending 
from  Barnstaple  bay  to  Chittlehampton.  Among  the  numerous 
and  useless  trials  for  coal  which  have  been  made  we  may  espe- 
cially notice  those  in  the  vicinities  of  Exeter,  Bradninch,  and 
Tiverton,  as  even  to  this  day  it  is  still  supposed  probable  that 
coal  may  be  found  there.  We  may,  however,  hope  that  geolo- 
gical knowledge  is  too  far  advanced  to  allow  of  further  trials  for 
coal  in  the  lias,  such  as  were  made  a  few  years  since  near  Chard, 
when  about  3000/.  was  thus  thrown  away  .J 

The  lignite  on  Bovey  Heathfield,  commonly  known  as  Bovey 
coal,  was  first  raised  for  use  early  in  the  last  century. §  Dr. 
Maton  described  these  beds  of  lignite,  in  1797,  as  being  from  four 

*  A  ▼ariely  of  the  anthraeite,  probably  formed  from  decompoied  portiona  of  it,  is 
laaaed  near  Bideford,  and  employed  as  a  pigment,  and,  as  such,  hait  been  employed 
in  our  dock-yards.  Lynons  (Mag.  Brit.  Devon.,  p.  cczcii.)  states  that  it  was  thus 
used  at  Plymouth  in  1822,  and  a  few  years  since  it  wan  sent  to  Chatham  for  the 
same  purpose. 

•f  Aosten  MS. 

I  Some  lignite,  such  as  itt  oftt'n  found  dispersed  among  the  marls  of  the  lias  in 
the  vicinity,  assisted,  we  believe,  in  confirming  the  speculators  in  their  opinion 
that  this  was  a  proper  place  for  the  trial. 

§  Lysons'  Magna  Britannia,  Devonshire,  p.  cczcii. 

2l2 
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to  sixteen  feet  in  thickness,  alternating  with  clay,  and  stated  that 
the  pits  were  about  80  feet  deep,  and  worked  for  the  supply  of  a 
neighbouring  pottery.  It  appears  that  two  potteries  have  been  esta- 
blished near  Bovey  Tracey,  one  at  Ideo,  and  another  close  to  the 
pits,  the  former  in  1772,  and  the  latter  about  1812  *  The  latter 
still  exists,  but  the  former  is,  we  believe,  abandoned:  it  must 
have  been  that  mentioned  by  Dr.  Maton.  The  state  of  the  pits, 
though  necessarily  much  lignite  has  been  raised  from  them  in 
forty  years,  would  appear  not  to  diflTer  much  from  that  noticed  by 
Dr.  Maton.  The  offensive  smell  emitted  by  this  lignite  when 
burnt  has  always  prevented  its  use  for  domestic  purposes,  except 
among  the  poorer  cottagers  of  the  neighbourhood. 

Sithe-stones,  or  Whetstones, 

These  are  manufactured  from  indurated  concretions  of  the 
lower  portion  of  the  green  sand  on  the  Western  part  of  the  Black 
Down  Hills,  on  the  sides  of  which  the  rubbish  thrown  out  of  the 
numerous  galleries  driven  into  them,  in  search  of  the  concretions, 
forms  a  marked  line  when  the  hiUs  are  viewed  from  the  west 
This  manufacture  is  probably  far  from  modern.  De  Luc  notices 
it  in  his  travels.  It  affords  occupation  to  many  persons  in  the 
parishes  of  Kentisbeere,  Broad  Hembury,  and  Payhembur)'. 
Dr.  Fitton  has  published  a  detailed  account  of  the  mode  in  which 
the  sithe-stones  are  prepared,  with  figures  of  the  tools  employed, 
and  has  pointed  out  that  the  irregular  concretions  used  for  this 
purpose  vary  from  about  six  to  eighteen  inches  in  diameter,  and 
that  the  beds  which  afford  them  would  form  a  total  thickness  of 
about  seven  feet,  of  which  four  are  fit  for  sithe-stones.  ITie  same 
author  has  also  mentioned  that  the  galleries  or  levels  (pits,  they 
are  termed  in  the  country)  are  driven  almost  horizontally  about 
300  yards  into  the  hill,  and  at  40  yards  apart,  a  greater  distance 
inwards  not  repaying  the  cost  of  carrying  out  the  sand  in  which 
the  indurated  concretions  are  found.  Dr.  Fitton  informs  us  that 
the  sithe-stones  were,  in  1825,  chiefly  bought  from  the  makers 
by  a  person  at  Honiton,  who  supplied  the  retail  dealers.f 

*  Lysons'  Mag.  Brit.  Devon.,  p.  ccct. 

f  Geol. Trans.,  2nd  Series,  vol.  iv.  p.  238.   It  appears  that  the  prices  then  varied 
from  2«.  per  dozen  for  the  finest  stones  down  to  8cL  per  doien  for  the  coarsest. 
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It  is  stated  by  Lysons  that,  about  1822,  sithe-stones  were  also 
prepared  on  the  east  side  of  Haldon,  in  the  parish  of  Kenn,  where, 
indeed,  we  have  observed  similar  indurated  concretions  in  the 
green  sand,  but  we  believe  that  the  preparation  of  them  in  that 
locality  is  now  discontinued.*  According  to  the  same  authority, 
a  large  part  of  these  sithe-stones,  or  Devonshire  batis,  was 
shipped  at  Bridgewater,  and  forwarded  thence  to  Bristol,  Glou- 
cester, Worcester,  &c.  A  large  portion  of  the  southern  part  of 
England  is  supplied  with  these  Devonshire  baits,  the  sithe-stones 
of  the  north  being  chiefly  obtained  from  Derbyshire  and  York- 
shire^ where  considerable  numbers  are  manufactured.! 

Mineral  Springs, 

Employing  the  name  of  mineral  spring  in  its  usual  acceptation, 
these  would  appear  to  be  rare  in  the  district,  with  the  exception  of 
chalybeate  springs;  at  least  they  have  hitherto  been  seldom  de- 
tected and  used.  Chalybeate  springs  are  very  common,  and  several 
of  them  have  at  different  times  been  highly  extolled.  Several  wells 
in  Cornwall  have  formerly  had  miraculous  virtues  attributed  to 
them,  though  simply  springs  of  common  good  water.  Borlase 
notices  Madron  well,J  Euny  weU,  in  Sancreed,§  and  Holy  well, 
on  the  coast  near  Crantock.  as  in  repute  by  the  country  people  in 
1758.  We  found,  in  1836,  that  the  last-mentioned  well  was 
still  frequented  at  the  proper  times  by  some  of  the  surrounding 
peasantry.|| 

The  mineral  spring  at  Plymouth,  known  as  the  Victoria  Spa, 
is,  we  believe,  the  only  one  in  the  district  at  present  used  for  its 
medicinal  properties.  The  water  is  obtained  from  a  boring  360 
feet  deep,  and  the  following  is  an  analysis  by  Professor  Daniel  of 
the  dry  salts  contained  in  a  wine  pint  of  it : — 

*  Magna  Britannia,  Devonshire  (1822),  p.  cczdv. 

t  We  bad  a  recent  opportunity  of  ascertaining  on  the  ipot  that  the  average  price 
of  theee  althe-ttones  wai  about  l&i.  per  doien. 

I  By  dropping  pins  into  this  well  and  shaking  the  ground  near  the  spring,  at  a 
proper  time  of  the  year,  moon,  and  day,  bubbles  arose  which  were  interpreted  as 
letponses  to  the  questions  proposed  by  the  visitors. 

§  This  was  considered  a  healing  welL 

II  Four  trees  still  stand  at  the  celebrated  St.  Kaine's  well,  as  in  Garew's  time, 
but  we  have  forgotten  whether  they  are  of  *<  withy,  oke,  elme,  and  ash,"  as  noticed 
by  him. 
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Grftini. 

Chloride  of  Sodium 96-64 

Muriate  of  magnesia  .         .         .         .         •  .18*68 

Muriate  of  lime Id' 10 

Sulphate  of  soda 9-55 

Sulphate  of  lime 8*94 

Carbonate  of  lime 2*06 

Carbonate  of  iron     .         .         .         .         .  .         .0*69 

151-66 
Irs  specific  gravity  at  62^  is  1013-3,  and  it  contains  8-1  cubic 
inches  of  carbonic  acid  gas  in  an  imperial  wine  pint.* 

Harbours. 

After  enumerating  the  harbours  in  Cornwall,  Carew  says, 
"  Divers  of  these  are  dayly  much  endammaged  by  the  earth  which 
the  tynners  cast  up  in  their  working,  and  the  rayiie  floods  wash 
downe  into  the  rivers,  from  whence  it  is  discharged  intheha?ens, 
and  shouldreth  the  sea  out  of  his  ancient  possession,  or  at  least  en- 
crocheth  upon  his  depth.  To  remedy  this,  an  act  of  parliament 
was  made,  23  H.  8,  that  none  should  labour  in  tynneworks  neere 
the  Devon  and  Cornish  havens :  but  whether  it  aymeth  not  at 
the  right  cause,  or  hath  not  taken  his  due  execution,  little  amende- 
ment  appeareth  thereby  for  the  present,  and  lesse  hope  may  be 
conceyved  for  the  future."  t  According  to  Lysons,  this  bill  of 
1531  states  in  the  preamble  "  that  so  great  a  quantity  of  sand, 
gravel,  stone,  rubble,  earth,  and  filth,  descending  and  coming 
down  the  rivers  near  which  the  said  works  were  carried  on,  had 
so  filled  and  choked  the  said  havens,  that,  whereas  ships  of  800 
tons  might  heretofore  have  easily  entered  at  low  water,  then 
ships  of  100  tons  could  scarcely  enter  at  half-flood."  J  The 
penalty  was  10/.,  four  years  afterwards  increased  to  20/.,  for  any 
person  searching  for  tin  near  the  rivers  connected  with  the  havens, 
unless  they  made  "  hatches  or  tyes,"  for  preventing  the  sand, 
gravel,  &c.,  from  being  carried  down  into  them.§ 

There  can  be  little  doubt  that  streaming  for  tin  during  so  many 

*  From  the  information  of  the  proprietor. 

t  Survey  of  Cornwall,  p.  26. 

I  Great  as  the  dama^re  thus  caused  may  have  been  to  the  havens  noticed,  we  can 
scarcely  avoid  suppoMiug  that  the  amount  of  it  here  specified  may  have  been  some- 
what exaggerated. 

§  Mag.  Brit.  Devon.,  p.  cclxxxii. 
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centuries,  must  have  materially  tended  to  silt  up  the  river  har- 
bours in  many  localities  far  beyond  that  which  would  otherwise 
have  taken  place  from  the  natural  drift  during  the  same  lapse  of 
time.  Even  now  it  has  frequently  appeared  to  us  that  much 
turbid  water  from  the  mines  is  permitted  to  flow  into  situations 
where  the  deposit  is  injurious^  the  ill  effects  of  which  might  be 
considerably  diminished  by  catches  or  mounds,  so  that  still  water, 
and  a  consequent  deposit  of  sediment,  might  be  procured  higher 
up  the  valleys.*  In  situations  where  weirs  or  mounds  are  formed 
across  the  heads  of  tidal  rivers  for  various  purposes,  very  frequently 
to  furnish  a  supply  of  water  for  mills,  or  for  salmon  fisheries^  it 
will  be  observed  that  much  detritus  borne  down  the  rivers^  espe^ 
cially  that  forced  forwards  on  the  bottoms,  is  there  stopped ;  and 
it  has  appeared  to  us  that,  if  these  catches  were  more  frequent  and 
cleared  out  from  time  to  time,  the  natural  amount  of  silt  and 
gravel  carried  into  the  estuaries,  used  as  harbours,  would  be  con- 
siderably diminished.  If  ancient  accounts  niay  be  trusted,  many 
of  the  estuary  harbours  in  the  district  have  been  much  silted  up 
within  the  lapse  of  a  few  centuries,  an  event  which  must  be  ex- 
pected from  a  long  continuance  of  natural  causes,  but  which 
seems  one  that  might  be  much  retarded  by  judicious  management. 
In  several  of  these  tidal  rivers  we  have  observed  encroachments 
on  the  water-way,  which  would  scarcely  have  been  permitted,  if  it 
were  recollected  that  the  greater  the  body  of  tide  that  enters  these 
estuary  harbours  on  the  flood,  the  greater  the  amount  of  water 
which  is  employed  on  the  ebb  to  keep  their  embouchures  open, 
so  that  by  cutting  off  the  entrance  of  several  thousand  or  million 
tons  of  sea-water,  as  the  case  may  be,  the  scouring  effect  of  the 
ebb  upon  the  bars  and  entrance  of  the  rivers  generally  is  dimi- 
nished by  the  amount  of  friction  on  the  sides  and  bottom  which 
would  have  been  jdue  to  this  body  of  water  on  its  out-flow.  The 
condition  of  the  mouths  of  estuary  rivers  is  but  the  result  of  a 
variable  contest  of  antagonist  forces,  among  which  the  sea-water 
which  has  entered  on  the  flood  is  one  possessing  much  power  to 

*  Catches  are  prepared  near  the  mouth  of  the  Par  by  Mr.  Austen  Treflry,  so  that 
finally  a  marshy  spot  may  be  converted  into  dry  fields.  Where  the  bridge  over  the 
Par  now  crusKes  a  shallow  stream  there  was  formerly  a  ferry  over  the  branch  of  an 
estuary,  one  which  would  appear  to  have  belonged  to  the  duchy  of  Cornwall,  and 
from  which  tuU  was  taken.  Even  within  the  recollection  of  old  persons  this  |.lace 
has  been  much  silted  up. 
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drive  off  bars  and  keep  the  embouchures  clear,  no  small  effect 
being  also  produced  by  the  ponding  back  of  the  river-waters  by 
it  during  a  certain  part  of  the  tide^  to  be  let  loose,  in  addition  to 
the  ordinary  discharge  of  the  river,  upon  the  ebb.  Hence,  all 
other  things  being  equal,  the  greater  the  quantity  of  sea-water 
which  can  flow  up  an  estuary,  the  clearer  will  be  the  mouths  of 
such  harbours. 

At  Padstow  the  waters  on  the  ebb  are  sufficient  to  cut  down 
the  Dunbar  sands,  so  that  they  do  not  rise  above  high  water. 
Being  still,  however,  then  impassable  for  vessels,  and  the  more 
dangerous  because  hid,  it  has  been  proposed  so  to  manage  the 
out-flow  of  the  tide,  by  building  a  pier  on  these  sands,  that  the 
whole  force  of  the  waters  on  the  ebb  shall  be  directed  upon  the 
channel,  and  thus  increase  its  present,  width,  which  is  inconre- 
nientl  y  narrow.  Tliere  can  be  little  doubt  that,  if  twice  the  quantity 
of  sea-water  could  enter  the  Hayle  estuary  than  now  does,  the 
entrance-channel  would  be  much  better  than  at  present,  because 
twice  the  quantity  would  in  a  given  time  be  employed  in  scour- 
ing it  out  At  present  part  of  the  tide  which  enters  on  the  flood 
is  cut  off  by  gates  in  the  eastern  branch  of  this  estuary,  and  the 
water  thus  collected  being  let  out  at  about  half-ebb,  it  rushes  out 
with  much  force  in  consequence  of  the  difference  of  level  thea 
existing  between  the  ponded  water  and  that  in  the  sea,  and  hence 
a  scouring  effect  is  produced  beyond  that  which  would  otherwise 
have  happened  with  the  same  quantity  of  water. 

At  Teignmouth  and  Exmouth  we  see  harbours  in  which  the 
drift  from  either  one  bank  or  the  other  would  block  up  the 
channel  but  for  the  force  of  the  sea  and  river  waters  on  the  ebb. 
It  will  be  clear  that  any  diminution  of  the  out-scouring  forces  in 
these  estuaries  must  damage  their  entrances  to  the  amount  of  the 
effect  produced  by  it,  and  that  hence,  if,  by  naturally  silting  up 
or  by  artificial  encroachments,  the  basin  for  the  reception  of  the 
tidal  waters  inside  their  embouchures  be  diminished,  the  condition 
of  the  latter  will  be  deteriorated. 

At  the  mouth  of  the  Axe  (South  Devon)  we  find  the  conjoined 
effect  of  the  ebb-tide  and  the  ordinary  river-water  unequal  to  keep 
a  navigable  channel  open  against  the  opposing  forces,  and  hence  it 
is  alone  by  artificial  means  that  a  harbour  can  be  formed  at  the 
entrance.  At  the  Looe  Pool>  near  Helstou,  we  find  the  piling 
force  of  the  sea  so  great  that  a  natural  depression,  which  would 
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otherwise  be  an  estuary  harbour^  is  barred  up,  so  that,  if  artificial 
means  be  not  employed,  a  situation  which  would  be  very  desirable 
as  a  port,  both  as  a  place  of  refuge  and  a  harbour  for  commerce, 
is  rendered  useless.* 

As  pier-harbours  are  but  artificial  coves  and  creeks  so  arranged 
that  free  entrances  into  them  are  secured  and  the  vessels  in  them 
well  defended  from  the  breakers,  it  is  always  desirable  that  they 
should  be  so  plabed  as  to  be  as  little  silted  up  by  detritus  driven 
along-shore,  or  forced  into  them  directly  from  seaward,  as  can  be 
arranged.  In  situations  where  natural  or  artificial  backwaters 
may  be  brought  to  bear,  much  detritus  may  be  driven  outwards 
at  the  proper  time  of  tide,  but,  being  coves,  they  must  to  a  certain 
extent  have  their  bottoms  raised,  as  all  sheltered  coves  have,  and, 
therefore,  in  such  harbours  provision  is  usually  made  for  carrying 
the  silt  and  sand  away  either  in  ballast  or  at  die  cost  of  the  port 
The  various  pier-harbours  in  the  district  are  so  variably  situated, 
that  much  instruction  may  be  derived  by  comparing  them  with 
each  other  and  with  various  natural  coves.  Not,  however,  to  dwell 
longer  on  this  subject,  we  shall  merely  notice  the  pier  or  cobb  at 
Lyme  Regis,  the  original  form  of  which  is  very  ancient,f  though 
the  old  pier  battered  down  by  the  breakers  has  been  replaced 
by  modem  work.  We  there  have  an  instance  of  a  dry  pier-harbour 
kept  in  fair  condition  (and  not  so  well  known  as  it  ought  to  be  as 
a  place  of  refuge  for  smaller  vessels  caught  in  that  part  of  the 
great  western  bay  in  a  gale  of  wind),  without  a  backwater, 
though  exposed  to  the  drift  of  a  considerable  shingle-beach. 
Whether  by  design  or  accident  it  is  now  difficult  to  say,  but  it  so 
happens  that  the  shingle-beach  on  the  west,  stopped  by  the  main 

*  In  the  time  of  Heury  VIII.  it  was  remarked  by  Leland  that,  **  if  this  har  might 
be  always  kvpt  open,  it  would  be  a  goodly  haven  up  to  HektoD."  We  believe  that, 
by  means  of  piers  projecting  sufficiently  far  seaward  to  prevent  the  passafre  of  the 
pebbles  round  their  heads,  a  passage  might  be  kept  open  with  the  Looe  Pool,  which 
would  thus  become  an  estuary  harbour.  By  running  a  mound  or  wall,  with  locks, 
across  the  lake  at  any  convenient  distance  up  it,  a  powerful  backwater  might  be  ob- 
tained (to  let  loose  as  occaNion  might  require),  for  scouring  outthe  entrance  between 
the  piers,  and  at  the  same  time  the  waters  usually  kept  back  might,  with  the  assist- 
ance of  a  canal  near  Helston,  afford  a  passage  for  small  craft  up  to  that  town,  and 
would  still  form  a  handsome  lake  in  front  of  the  grounds  of  Penrose. 

t  We  suspect  that  a  fault  runs  dose  under  the  outer  pier,  and  that  the  harder 
portion  of  the  lias  un  one  side  of  this  fault,  rinng  seaward,  first  suggested  the  idea 
of  a  port  where  it  is  now  situated,  iufftvad  of  nearer  the  town.  Natural  projections 
uf  rock  seem  often  to  have  suggested  thtf  position  of  piers,  as  behind  them  the  boats 
uf  the  time  probably  sheltered  themselves. 
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pier^  and  which  would  otherwise  accumulate  behind  it  90  as 
eventually  to  pass  round  its  head^  thus  tending  to  bar  the  harbouri 
is  allowed  to  pass,  after  having  accumulated  to  a  consideraUe 
mass,  over  a  low  part  of  the  pier  adjoining  the  shore,  so  that  the 
surplus  pebbles,  forced  forward  by  the  breakers,  travel  onwards 
before  the  town  of  Lyme  Regis,  and  by  means  of  jetty-walls,* 
which  from  time  to  time  arrest  a  sufficient  quantity  of  them,  protect 
that  town  from  the  ravages  of  the  sea,  by  which  it  must  otherwise, 
by  this  time,  have  been  swept  away,  unless  very  expensive  and 
heavy  sea-walls  had  been  erected.  This  contrivance,  if  it  were 
one,  is  extremely  simple,  and  merely  places  the  pier  or  cobb  in 
the  condition  of  outstanding  rocks  behind  which  vesseb  can  safely 
ride,  without  barring  the  progress  of  the  beach  in  its  natural  course 
onwards. 

Mines. 

The  period  at  which  Cornish  tin  was  first  worked  and  exported 
would  appear  to  be  lost  in  the  obscurity  of  past  ages.  That  it  was 
known  and  employed  in  very  remote  times  would  appear  evident ; 
and  perhaps  it  may  not  be  assuming  too  much  to  suppose  that 
the  tin-stones  first  raised  were  from  the  stanniferous  gravels,  which, 
after  having  been  searched  for  centuries,  still  furnish  enough  to 
repay  the  labours  of  the  stream-tinner  in  favourable  situations. 
The  superior  weight  of  the  tin-stone  pebbles  above  all  others 
which  the  rude  inhabitants  of  the  country  could  find  might  call 
attention  to  them,  if  they,  as  most  savage  nations  have  been  found 
to  do,  employed  stones  as  missives  against  their  enemies.  Tlie 
weight  of  such  pebbles  may  have  induced  more  cultivated  people 
to  try  them  with  fire  when  these  tin-stones  became  known  to  them, 
even  supposing  that  they  may  not  have  been  previously  acquainted 
with  the  ore,  and  that  accident  may  not  have  led  the  natives 
themselves  to  the  discovery  of  the  metal  contained  in  them. 
Stanniferous  gravels,  according  to  Sir  Stamford  Raffles,  now  fur- 
nish the  tin  from  Banka,  and  numerous  other  parts  of  the  Ma- 

*  Probably  there  are  few  places  where  the  protection  to  a  coast,  obtained  bj  par- 
tially stopping  the  progress  of  a  beach,  is  better  illustrated  than  at  this  place.  Ai 
soon  as  the  jetty-walls  cease,  and  consequently  the  protecting  beaches,  so  soon  do 
we  find  the  lias  rock  worn  away  by  the  breakers,  so  that  the  cliflk  immediately  be- 
yond the  most  eastern  wail  are  continually  battered  by  the  sea  and  broken  down. 
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layan  peninsula  and  islands  i*  and  we  may  readily  imagine  that, 
in  countries  where  both  tin-veins  and  these  gravels  are  found,  the 
latter  would,  from  the  greater  chance  of  being  first  discovered, 
and  the  comparative  facility  with  which  they  may  be  raised  when 
discovered,  be  the  earliest  ores  smelted.  We  can  still  further  sup- 
pose that^  while  these  stanniferous  gravels  continued  to  afford  an 
abundant  supply,  the  more  costly  and  difficult  operation  of  actual 
mining  would  be  scarcely  attempted,  except  under  very  favourable 
circumstances ;  and  hence,  as  the  supply  of  stream -tin  necessary  for 
any  given  demand  began  to  fail,  the  mines  gradually  came  into 
work,  at  first  only  in  a  limited  manner,  and  afterwards  more  ex- 
tensively, as  the  power  of  machinery  to  extract  the  water  and  ore 
from  the  lodes  became  increased. 

It  has  been  considered  that  the  Phoenicians,  supposed  to  have 
been  the  earliest  traders  for  tin  with  Cornwall,  regarded  the  com- 
merce in  that  metal  as  so  important,  that  they  concealed  the 
situation  whence  it  was  obtained.  Mr.  Hawkins,  who  has  be- 
stowed great  attention  upon  the  ancient  tin- trade  of  Cornwall, 
considers  that  the  Phcenician  colony  of  Gades,  on  the  western 
coast  of  Spain,  was  the  medium  or  entrepot  of  the  commercial 
intercourse  between  Phcenicia  and  Cornwall,  f 

From  a  passage  in  the  writings  of  Diodorus  Siculus,  who  flou- 
rished in  the  time  of  Augustus,  we  obtain,  as  Dr.  Barham 
has  observed,  a  very  interesting  and  authentic  piece  of  early 
Cornish  history,   inasmuch  as  the  locality  where  the  trade  was 

*  Sir  Stamford  Raffles  informs  ns  that  the  Banka  tin  has  been  discovered  about 
a  century,  and  that  the  highest  produce  has  been  estimated  at  3500  tons  per  annum, 
though  of  Uiter  years  it  had  not  exceeded  1750  tons.  This  supply  would  necessa* 
rily  fluctuate  according  to  demand,  and  the  ability  to  work  the  stream-tin  with  the 
least  waste.  Sir  Stamford  Raffles  considered  that  the  latter  number  of  tons  might 
be  rai»ed  for  centuries,  and  he  estimated  the  average  produce  from  Banka  and  the 
Malay aa  peninsula,  and  other  islands,  at  50,000  peculs,  or  about  2920  tons,  per 
annum :  of  which  about  20,000  peculs  were  eziiorted  to  Chuia  (where  this  tin  was 
more  esteemed  than  the  English  tin,  and  sold  fur  a  dollar  per  pecul  more),  Bengal 
took  from  6000  to  10,000  peculs,  and  the  remainder  was  sent  to  America  and  Europe. 

It  would  appear  that  the  Indian  tin  might  be  far  more  extensively  and  profitably 
worked  than  it  is  now ;  and  the  Chineee,  who  almost  eiiclusiTely  raise  the  Banka 
tin^  are  represented  as  far  more  industrious  and  cheaper  miners  than  the  Malays. 
The  Banka  ore  is  stated  to  yield  from  50  to  70  per  cent,  of  pure  metal.  When  it 
does  not  produce  30  per  cent.,  the  ore  is  not  considered  worth  smelting. — Letter 
from  Sir  Stamford  Raffles  to  Mr.  D^ivies  Gilbert,  Trans.  Geol.  Soc.  of  Cornwall^  vol. 
ill.  p.  247. 

f  Trans.  Geol.  Society  uf  Cornwall,  vol.  iii.  p.  116. 
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carried  on,  and  the  mode  in  which  it  was  conducted,  are  both 
noticed. 

"  We  will  now,"  says  Diodorus,  "  give  an  account  of  the  tin  which  is  pro- 
duced in  Britain.  The  inhabitants  of  that  extremity  of  Britein  which  it 
called  Belerion  both  excel  in  hospitality,  and  also,  by  reason  of  their  inter- 
course with  foreign  merchants,  are  civilised  in  their  mode  of  life.  These 
prepare  the  tin,  working  very  skilfully  the  earth  which  produces  it  The 
ground  is  rocky,  but  it  has  in  it  earthy  veins,  the  produce  of  which  is  brought 
down  and  melted  and  purified.  Then,  when'they  have  cast  it  into  the  form  of 
cubes,  they  carry  it  to  a  certain  island  adjoining  to  Britain,  and  called  Iktis. 
During  the  recess  of  the  tide,  the  intervening  space  is  left  dry,  and  they  carry 
over  abundance  of  tin  to  this  place  in  their  carts.  And  it  is  something  pe- 
culiar that  happens  to  the  islands  in  these  parts  lying  between  Europe  and 
Britain ;  for  at  full  tide,  the  intervening  passage  being  overflowed,  they 
appear  islands,  but  when  the  sea  retires  a  large  space  is  left  dry,  and  they 
are  seen  as  peninsulas.  From  hence,  then,  the  traders  purchase  the  tin  of 
the  natives,  and  transport  it  into  Gaul,  and  finally,  travelling  through  Gaul 
on  foot,  in  about  thirty  days  they  bring  their  burdens  on  horses  to  the  mouth 
of  the  river  Rhone.'* — Diodorus,  lib.  v.* 

That  the  Iktis  here  noticed  is  likely  to  be  St.  Michael's  Mount, 
as  is  considered  to  be  the  case  by  Sir  Christopher  Hawkins,  Dr. 
Barham,  and  Mr.  Hawkins,  seems  extremely  probable  ;  indeed,  as 
far  as  the  geographical  description  above  given  extends,  there  is 
no  other  place  on  the  Cornish  coast  which  will  answer  to  it,  as 
seems  generally  admitted.  Although  we  are  not  to  expect  much 
exactitude  in  the  expressions  employed  respecting  the  mode  in 
which  the  ore  occurred,  still  the  reference  to  the  rocky  ground  and 
earthy  veins  would  seem  to  show  that  it  might  have  been  partly 
obtained  by  mining  at  that  time. 

The  bronze  instruments  usually  termed  celts,  the  use  of  which, 
whether  for  warlike  or  peaceful  purposes,  has  been  disputed ;  and 
rings  of  the  same  metal  formed  to  go  round  the  wrists  (and  simi- 
lar rings,  we  were  informed,  were  actually  found  round  the  wnsts 
of  a  skeleton  dug  up  a  few  years  since  at  the  earth-work  near 
Lower  St.  Columb  Forth),  have  been  discovered  in  old  tin-stream 
works,  probably  lost  by  the  persons  employed  in  them,  when  they 
used  such  instruments  and  wore  such  ornaments.  Such  remains 
may  readily  have  been  far  more  abundantly  found  than  has  been 
*  Barham,  Some  Arguments  in  support  of  the  Opinion  that  the  Iktis  of  Diodnrttf 
Siculus  is  St.  Michaers  Mount.     Trans.  Oeol.  Soc.  of  Cornwall,  vol.  iii.  p.  88. 

Mr.  Hawkins  remarks  that,  in  another  passage,  Diodorus  informs  us  that  ibis 
tin  was  carried  to  Maissilia  (Marseilles),  and  mure  particularly  to  Narbo,  then  the 
greatest  commercial  mairt  of  that  part  of  Eurojie.  Trans.  Geol.  Soc  Curawtlii 
vol.  iii.  p.  120. 
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recorded.  Carew  notices  the  discovery  of  these  celts  in  the 
stream-works  in  his  time,  as  also  of  Roman  coins.*  A  circle  of 
brass,  inlaid  with  gems,  and  six  inches  in  diameter,  was  found  in 
Trenoweth  stream-work  in  1802.f  Mr.  Henwood  mentions  a 
more  recent  discovery  of  celts  and  Roman  coins  in  the  stream- 
works  of  Treloy,  near  Lower  St.  Columb  Forth,  as  also  of  ancient 
rings  and  broochesj.  These  latter  remains  are  now  in  the  Mu- 
seum of  Economic  Geology.  One  ring  is  made  to  fit  the  wrist, 
as  above  noticed,  and  one  of  the  brooches  would  appear  to  be 
Roman.  An  instrument  of  bronze,  constructed  apparently  for 
piercing  wood,  or  substances  of  that  hardness,  is  curious,  inas- 
much as  it  would  seem  to  show  that  iron  was  then  scarce.  Coins 
of  the  early  English  kings  have  been  also  found  near  Treloy,  but 
our  informant  stated  that  they  did  not  occur  with  the  celts,  &c. 

Mr.  Hawkins  considers  that  the  general  use  of  bells  in  churches, 
introduced  into  Western  Europe  in  the  sixth  and  seventh  centu- 
ries,, caused  a  considerable  demand  for  Cornish  tin,  more  particu- 
larly as  those  of  large  size  were  cast  for  the  principal  cathedrals ; 
and  that,  subsequently,  its  sale  was  greatly  increased  by  the 
demand  produced  by  the  use  of  bronze  cannon. §  The  same  author 
points  out  that,  in  the  thirteenth  century,  the  chief  emporium  of 
the  tin-trade  was  Bruges  ;  and  that,  in  the  fourteenth  century,  the 
merchants  of  Italy  obtained  the  tin  of  Cornwall  and  distributed 
It  among  the  countries  of  the  Levant,  though  Bruges  still  conti- 
nued to  be  the  great  market  for  Cornish  tin.  || 

According  to  Borlase  the  produce  of  tin  in  Cornwall  was  very 

*  Surrey  of  Cornwall,  p.  8.    He  mentions  a  brass  coin  of  Domitian  as  so  found. 
t  Lysons,  Mag.  Brit.  Cornwall,  p.  cczxi. 

I  Trans.  Geol.  Soc.  Cornwall,  vol.  it.  p.  65.  }  lb.,  vol.  iii.  pp.  122 — 124. 

II  Mr.  Hawkins  informs  us  that  he  acquired  a  knowledge  of  the  Italian  trade  from 
a  record  of  the  commercial  industry  of  Florence,  entitled  La  Pratica  della  Merca- 
tura,  composed  by  Francisco  Balducci  Pe^olotti  between  the  years  1332  and  1345, 
and  printed  in  1766  from  tht*  original  MS.  in  the  Riccardian  library.  Balducci 
states  that  '*  the  tin  is  imported  from  Cornwall,  in  England,  in  large  slabs,  of  a 
long  square  form,  each  slab  weighing  about  one  cantaro  and  a  third,  Barbaresque 
weight  of  Majorca,  where,  and  at  Venice,  they  make  bundles  of  tin-rods,  bound  to- 
gether with  rods  of  the  same  metal ;  each  bundle  made  up  at  Majorca  weighing 
about  one  cantaro  and  a  quarter,  Barbaresque  weight  of  Majorca.  The  loss  in 
smelting  down  the  slabs,  and  in  casting  tiie  rods,  at  Majorca,  was  from  I  to  2  per 
cent.,  and  the  expense  of  making  the  rods  was  one  soldo  of  the  small  Majolichia 
money  per  cantaro;  and  because  every  one  of  the  rods  which  was  made  at  Venire 
had  on  it  the  stamp  of  St.  Mark,  thoite  of  Venice  fetched  a  better  price  in  the  Le- 
vant, by  2  to  3  per  cent,  than  those  of  Majorca  or  Provence,  though  they  were  both 
qually  good,'*— Tians.  Oeol.  Soc.  Cornwall,  vol.  iii.  pp.  129-135. 
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inconsiderable  in  the  time  of  King  John,*  the  property  of  the 
mines  precarious  and  unsettled,  and  the  tin  raised  engrossed  by 
the  Jews,  to  the  great  regret  of  the  barons  and  their  vassals,  the 
right  of  working  the  tin  being  wholly  in  the  Kmg,  as  Earl  of 
Cornwall.  The  tin-farm  of  Cornwall  then  only  amounted  to  100 
marks  (66/.  ISs,  4d,)  per  annum,  while  the  tin  of  Devon  was  at 
the  same  time  fanned  for  lOOZ.f 

During  the  time  of  Richard,  Earl  of  Cornwall  and  King  of  the 
Romans,  the  produce  of  the  tin-mines  is  described  to  have  been 
very  considerable,  so  that  he  derived  great  revenue  from  them , 
but  after  the  banishment  of  the  Jews,  in  the  18th  of  Edward  l, 
the  mines  were  again  neglected.;]; 

**  After  this  it  hapned,"  says  Carew,  "  that  certain  gentlemen,  being  lords 
of  seven  tithings  in  Blackmore,  whose  grounds  were  best  stored  with  tbU 
minerall  (tin),  grewe  desirous  to  renew  this  benefit ;  and  so  upon  suit  made 
to  Edmond  Earle  of  Cornwall,  sonue  to  Richard  King  of  the  Romans,  they 
obtayned  from  him  a  charter,  with  sundrie  privileges ;  amongst  which  it 
was  granted  them  to  keepe  a  court,  and  hold  plea  of  all  actions  (life,lymme, 
and  land  excepted) ;  in  consideration  whereof,  the  sayd  lords  accorded  to  ptj 
the  earle  a  halfpeny  for  every  pound  of  tynne  which  should  be  wrought; 
and  that,  for  better  answering  this  tax,  the  said  tynne  should  bee  brought 
to  certayne  places  purposely  appointed,  and  there  peized,  coyned,  and 
kept,  untill  the  carle's  due  were '  satisfied.  Againe,  the  lords  of  these 
tithings  were,  for  their  parts,  authorised  to  manage  all  stannerie  causes, 
and  for  that  intent  to  hold  parliaments  at  their  discretion  ;  and  in  regard  of 
their  labour,  there  were  allotted  unto  them  the  toU-tynne  within  those 
tithings,  which  their  successors  do  yet  enjoy.  This  charter  was  to  be  kept 
in  one  of  the  church-steeples,  within  those  tithings  ;  and  the  seale  had  a 
pickaxe  and  shovell  in  saultier  graven  therein."} 

This  and  the  charter  of  King  John  were  confirmed  in  the  thirty- 
It  appears,  from  another  passage  in  Balducci*8  work,  that  the  price  of  1000  Ibt.  of 
tin,  in  Cornwall,  was  then  10  marks  sterling.  The  value  uf  the  mark  at  that  tior, 
Mr.  Hawkins  informs  us,  was  equal  to  4  florins,  as  fixed  by  a  convention  betvees 
the  Papal  See  and  England^  "  the  pound  of  gold  being  coined  into  96  flurint,  cseh 
of  which  (in  1337)  was  equal  to  62  soldi  of  12  denarii ;  so  that  the  relative  value  of 
gold  and  silver  was  as  1  to  12."  The  cantaro  of  tin,  it  appears  from  BaldnoQi 
weighed  140  lbs.  of  Pisa  and  145  lbs.  of  Genoa,  and  «  the  cwt.  of  tin,  which  if 
112  lbs.  in  London,  is  equivalent  at  Bruges  to  120  lbs.  and  122  lbs.*'— /fr.  voLiil 
pp.  134,  135. 

*  For  a  character  of  King  John  to  the  Tinners  of  Devon  and  Cornwall,  see  Ap- 
pendix. 

t  Nat  Hist,  of  Cornwall,  p.  190.    It  appears  that  the  Bishop  of  Exeter  thea 
received,  and  ia  Borla8e*8  time  t»till  received,  SL  13f.  4d.  in  lien  of  his  tenth  psit. 
I  lb.,  p.  190. 

§  Survey  of  Cornwall,  p.  17.  Carew  obtained  this  information  from  ''Msttei 
William  Carnsew,**  who  had  seen  the  charter,  though  it  was  then  no  longer  extant 
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tliird  year  of  Edward  L,  and  the  tinners  of  Cornwall  and  Devon« 
who  previously  formed  one  body,  meeting  on  Hingston  Hill,  near 
Callington,  every  seventh  or  eighth  year,  to  concert  their  common 
interest,  became  divided,  and  formed  distinct  bodies  of  men.  Five 
coinage-towns  for  Cornwall  and  three  for  Devon  were  then  ap- 
pointed, and  each  tinner  was  permitted  to  sell  his  own  tin,  unless 
the  king  insisted  on  buying  it  himself.* 

Other  ancient  charters  followed,  and  the  warden  of  the  Stan- 
naries f  was  appointed  with  the  power  to  nominate  a  vice-warden. 
In  Elizabeth's  time  the  tinners  of  Cornwall  were  divided  into  four 
portions,  named  from  the  chief  works  at  that  period,  Foymoore^ 
Blackmoore,  Tiwamaill,  and  Penwith.  Each  of  these  divisions 
had  its  steward  (appointed  by  the  lord  warden),  who  kept  his 
court  once  in  every  three  weeks.  In  them  were  tried  the  cases 
of  debt  or  trespass,  in  which  any  one  dealing  in  black  tin 
(the  ore),  or  white  tin,  was  either  plaintiff  or  defendant.  The 
verdict  was  given  by  a  jury  of  six  tinners,  according  to  which  the 
steward  pronounced  judgment.  By  Carew's  account,  these  courts 
were  not  over-remarkable  for  fair  verdicts  in  his  time.  In  matters 
of  importance,  concerning  the  whole  stannary,  the  lord  warden, 
or  the  vice-warden,  impaneled  a  jury  of  twenty-four  principal 
tinners,  six  from  every  division,  returnable  by  the  mayors  of  the 
four  stannary  towns  (Helston,  Truro,  Lost  wit  hiel,  and  Liskeard), 
and  whose  acts  bound  the  remainder.;];  The  consent  of  sixteen  of 
these  twenty-four  stannators,  as  they  were  called,  was  sufficient  to 
enapt  any  new  law.§ 

Carew  has  furnished  us  with  a  most  valuable  record  of  the 
state  of  the  Cornish  mines  about  two  centuries  and  a  half  since. 
He  first  notices  stream-works  and  lodes,  and  the  opinion  of  the 
tinners  that  the  tin-stones  in  the  stanniferous  gravels  were  derived 
from  the  lodes  by  the  deluge ;  "  for,"  say  they,  "  the  foremencioned 
floud  carried,  together  with  the  moved  rockes  and  earth,  so  much 
of  the  load  as  was  inclosed  therein,  and,  at  the  asswaging,  left 
the  same  scattered  here  and  there  in  the  vallies  and  ryvers  where  it 

*  For  copies  of  these  Charters  to  Gomwall  and  Devon,  see  Appendix. 

f  Carew  notices  this  officer  as  one  ''  who  supplieth  the  place  hoth  of  judge  of  the 
law  and  of  a  chancellor  for  conscience,  and  so  taketh  hearing  of  causes,  either  in 
forma  Juris,  or  dejureet  ofquo.** — Survey  of  Cornwall,  p.  17. 

X  Survey  of  Cornwall,  p.  18. 

$  Borlase,  Nat.  Hist,  of  Cornwall,  p.  192. 
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passed."*  He  next  describes  the  process  o{ shadings  OT.shoading, 
which  seems  to  have  been  then  conducted  much  in  the  same 
manner  as  is  now  practised,  that  is,  by  tracing  fragments  de- 
tached from  the  lode^  following  the  slopes  of  hills,  until,  by  the 
increase  in  the  abundance  of  such  fragments,  they  find  the  upper 
part  of  the  lode  itself  whence  they  have  been  derived  :f  he  notices 
that  the  shode  for  the  lodes  *'  either  lieth  open  upon  the  grasse  or 
but  shallowly  covered."  Having  found  this  shode^  they  next,  he 
says,  sunk  pits  "  of  five  or  six  foote  in  length,  two  or  three  foote  in 
breadth,  and  seven  or  eight  in  depth,  to  prove  where  they  may  so 
meet  with  the  load.  *  *  *  If  they  misse  the  load  in  one  place, 
they  sincke  a  like  shaft  (pit)  in  another  beyond  that,  commonly 
farther  up  towards  the  hill,  and  so  a  third  and  a  fourth  until  they 
light  at  last  upon  it." 

If  the  lode  found  offered  a  fair  prospect  of  success  in  the 
working,  the  discoverer  commonly  associated  others  with  him  in 
the  enterprise ;  hence  it  would  appear  that  the  system  of  adven- 
turers was  then  in  operation.  When  the  works  were  sufficiently 
important,  a  captain  was  appointed,  whose  duty  it  was  to  see  that 
the  men  did  the  work  properly,  to  attend  to  the  timbering  of  the 
lode  and  to  the  pumps.  "  In  most  places,"  says  our  author, 
*'  their  toyle  is  so  extreame,  as  they  cannot  endure  it  above  four 
hours  in  a  day,  but  are  succeeded  by  spels ;  the  residue  of  the 
time  they  weare  out  at  coytes,  kayles,  or  like  idle  exercises.  Their 
kalender  also  alloweth  them  more  holy-dayes  than  are  warranted 
by  the  church,  our  lawes,  or  their  own  profit."  J 

The  toob  described  were  extremely  simple,  and  such  as  suited 
the  mining  of  the  time.  They  consisted  of  an  iron  pick-axe, 
sixteen  inches  long,  sharp  at  one  end  and  made  flat- headed  at 
the  other  for  the  purpose  of  driving  small  iron  wedges,  and  of 
a  broad  shovel,  ^^the  utter  part  of  yron,  the  middle  of  timber, 
into  which  the  staffe  is  slopewise  fastned." 

As  to  the  mode  of  working  the  lode,  it  appears  that  they  some- 
times followed  it  to  the  depth  of  40  or  50  fathoms,  and  that  the 
miners  were  let  down  and  taken  up  in  a  stirrup  by  two  men,  who 

*  Survey  of  CornwaU,  p.  8. 

t  The  upper  part  of  a  lode  is  usually  now  termed  the  6roi7,  or  biy/ej  appareotly 
an  ancient  name  for  it. 

I  Survey  of  Cornwall,  p.  10.  Although  this  passage  occurs  under  the  head  of 
<<  Captaine,"  it  would  rather  seem  to  apply  to  working  tinners  of  that  time 
generally. 
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wound  the  rope,  probably  over  a  winze,  whence  we  may  concludQ 
that  they  did  not  employ  ladders  at  that  time.  When  the  lode 
sloped,  the  miners  are  described  as  working  to  a  convenient  depth, 
when  they  sunk  a  shaft  from  the  top  "  to  admit  a  renewing  vent, 
which,  notwithstanding,  their  work  is  most  by  candle-light." 
The  loose  work  was  kept  up  by  timber,  and  their  way  through  the 
hard  ground  was  sometimes  so  slow  that  *'  a  good  workman  shall 
hardly  be  able  to  hew  ihv^'*^  foote  in  the  space  of  so  many 
weekes."  * 

The  miners  of  that  time,  as  might  be  expected,  were  much 
harassed  by  water.  Their  drainage  machinery  is  described  as 
composed  of  *'  pumps  and  wheeles  driven  by  a  streame,  and  in- 
terchangeably filling  and  emptying  two  buckets,  with  many  such 
Uke."  Adits  were  also  driven  to  cut  the  lode  from  the  nearest 
convenient  valley,  and  are  noticed  as  "  costly  in  charge,  and  long 
in  effecting."  Even  in  cases,  however,  where  the  latter  were 
driven,  they  would  have  to  raise  the  water  to  it  from  any  work- 
ings imder  its  level ;  and,  therefore,  we  may  readily  conceive  that 
with  all  the  inventions  of  the  time  they  could  not  keep  it  out,  and 
that  the  mines  were  in  consequence  abandoned  after  a  limited 
depth. 

In  dressing  the  ore  they  first  broke  it  with  hammers,  after  which 
it  was  carried  to  the  stamping-mills,  formed  much  like  those  of 
the  present  day  which  are  seen  near  the  smaller  mines,  and  com- 
posed of  three  or  six  beams  shod  at  the  bottom  with  iron,  raised 
up  by  means  of  cogs  and  a  water-wheel,  and  falling  by  their  own 
weight  upon  the  ore  beneath,  which  is  thus  crushed.  It  would 
appear  that  in  Carew's  time  the  ore  was  stamped  dry,  and  after- 
wards ground  into  a  fine  sand  by  a  machine  called  a  crazing-mill, 
worked  by  a  water-wheel,  and  in  which  the  ore  was  passed  between 
two  grinding-stones.  The  present  practice  of  stamping  the  ore 
wet  was  then,  however,  coming  in,  and  the  crazing- mills  were  not 
employed  for  the  best  ores. 

The  account  of  the  washing  process  is  curious,  particularly  in 
the  employment  of  the  turf  and  peat ;  it  is  as  follows  : — 

"  The  streame,  after  it  hath  forsaken  the  mill,  is  made  to  fall  by  certayne 
degrees,!  one  somewhat  distant  from  another ;  upon  each  of  which,  at  every 
descent  lyeth  a  fi^reen  turfe,  three  or  four  foote  square,  and  one  foote  thick. 
On  this  the  tinner  layeth  a  certayne  portion  of  the  sandie  tinne,  and  with  his 
shovell  softly  tosseth  the  same  to  and  fro,  that  through  this  stirring,  the 
water,  which  runneth  over  it,  may  wash  away  the  light  earth  from  the 

*  Sonrey,  p.  11.  f  Steps,  probably. 
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tinne,  which,  of  a  heavier  substance,  lyeth  fast  on  the  turfe.  Having  so 
cleansed  one  portion  he  setteth  the  same  aside,  and  beginneth  with  soother, 
until  his  labour  take  end  with  his  taske.  The  best  of  those  turfes  (for  all 
sorts  serve  not),  are  fetched  about  two  miles  to  the  eastwards  of  St  Michaels 
Mount,  where  at  low  water  they  cast  aside  the  sand,  and  dig  them  up:  they 
are  full  of  roots  of  trees,  and  in  some  of  them  nuts  have  been  found,  which 
confirmeth  my  former  assertion  of  the  sea*s  intrusion.*  After  it  is  thus 
washed,  they  put  the  remnant  into  a  wooden  dish,  broad,  flat,  and  round, 
being  about  two  foot  over,  and  having  two  handles  fastened  at  the  sides,  by 
which  they  sofily  shogge  the  same  to  and  fro  in  the  water  between  their 
legges,  as  they  sit  over  it,  untill  whatsoever  of  the  earthy  substance  that  was 
left,  be  flitted  away.  Some  of  later  time,  with  a  sleighter  invention,  and 
lighter  labour,  doe  cause  certaine  boys  to  stir  it  up  and  downe  with  their 
feete,  which  worketh  the  same  effect :  the  residue  after  this  often  cleansin?, 
they  call  black  tynne,  which  is  proportionably  divided  to  everie  of  the  adven- 
turers, when  the  lord's  part  hath  beene  first  deducted  upon  the  whole/ "  '*' 

It  could  scarcely  fail  that  by  this  rough  process  much  tin  would 
be  lost,  and  accordingly  we  find  that  even  in  our  author  s  time. 
Sir  Francis  Godolphin,!  with  the  aid  of  "  a  Dutch  mynerall- 
man,"  as  Carew  calls  him,  was  enabled  to  make  tin  with  great 
profit  from  the  refuse  which  the  tinners  rejected.  After  the 
black  tin  was  divided,  each  man,  it  appears,  carried  his  portion 
to  the  blowing-house,  where  it  was  melted  with  charcoal,  the  fire 
being  blown  by  a  great  pair  of  bellows  (whence  the  name  of 
blowing-house),  worked  by  a  water-wheel.  This  process  was 
80  roughly  conducted,  that  "divers  light  sparkles*'  of  tin  are 
described  as  being  driven  up  on  the  thatched  roof,  in  such  quan- 
tities that  it  was  usual  for  the  owners  of  these  blowing-houses  to 
burn  them  once  in  seven  or  eight  years,  and  they  then  found  as 
much  tin  in  the  ashes  as  paid  for  a  new  building,  "  with  a  gaine- 
full  overplus."  Carew  values  the  tin  thus  obtained  at  10^  per 
annum,  if  the  blowing-house  were  well  frequented.§     A  better 

*  Hiere  would  here  appear  to  be  some  mistake  as  to  the  side  of  St.  Michtfl's 
Mount  on  which  his  peat  was  obtained,  as  the  description  would  accozd  with  the 
submarine  forest,  noticed  p.  41 7,  on  the  west  of  it. 

f  Survey,  p.  12.  Black  tin  was  mearured  by  the  gili  (a  pint),  by  the  tepfiffr  i» 
pottel),  the  dith  (a  gallon),  and  the  foot  (towards  two  gallons).  A  foot  of  black 
moor  or  stream  tin  was  considered  good  if  it  weighed  about  SOlbs ;  the  same  mea&ure 
of  mine  tin  about  52lh8.  Two  pounds  of  good  black  tin  or  ore  would  3rield  cue 
pound  of  white  tin  or  metal. — lb,  p.  15. 

I  It  would  appear  that  Sir  Francis  Godolphin  very  greatly  improved  the  produce 
of  the  tin  mines  of  Cornwall  at  this  time.  He  is  described  as  not  only  having  de- 
rived considerable  profit  from  these  improventpnts  himself,  but  also  as  having 
taught  others  to  obtain  great  gain  out  of  the  ores  they  preYiousIy  disregarded. 

§  Survey  of  Cornwall,  p.  13. 
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practice  would  appear  to  be  then,  however,  coming  in,  as  it  is 
mentioned  that  other  blowing-houses  were  constructed  with  large 
sloping  chimneys,  so  that  the  light  particles  of  tin  driven  off  by 
the  blast  were  collected  in  them,  and  the  burning  of  the  houses 
saved. 

It  would  appear  by  the  Charters  of  King  John  and  Edward  I. 
that  power  was  granted  to  the  tinners  to  take  both  turf  and  wood 
for  smelting  their  tin,  as  had  been  their  ancient  custom^  so  that 
both  then  and  previously  both  these  kinds  of  fuel  were  employed.^ 
Carew,  speaking  of  the  woods  in  Cornwall,  when  he  compiled  his 
Survey,  says,  that  in  the  west  of  the  county  they  were  scarce,  and 
the  few  that  were  preserved  were  principally  employed  in  makhig 
charcoal  for  the  blowing-houses.  "  This  lacke/'  he  adds,  "  they 
supply  either  with  stone-coal  from  Wales^  or  dried  turfes,  some 
of  which  are  also  converted  into  coal  to  serve  the  tinners  tume  ;"f 
so  that  both  charcoal  and  turf  were  then  also  employed  in  the 
smelting  of  tin. 

Prom  a  speech  of  Sir  Walter  Rawleigh  in  parliament,  in  1601, 
when  Lord  Warden  of  the  Stannaries,  it  would  appear  that  the 
pay  of  a  working  tinner  was  then  four  shillings  per  week,  finding 
himself.  Of  this  he  boasts  as  a  great  change  for  the  better,  inas- 
much as  previous  to  the  patent  granted  him  by  Queen  Elizabeth 
of  the  pre-emption  of  Cornish  tin,  which  was  then  claimed  on  the 
part  of  the  duchy,  the  tinner  only  received  two  shillings  per 
week,  finding  himself.  J  By  all  accounts  the  tinners  were  in  a 
bad  condition  at  this  period ;  and  Carew  observes  that  the  parishes 
in  which  tin  was  worked  were  in  a  "  meaner  plight  of  wealth" 
than  in  those  which  were  simply  agricultural.  §  He  also  gives  a 
curious  account  of  the  matiner  in  which  the  London  merchants 
of  that  time  took  advantage  of  any  want  of  money  Cornish  gentry 
in  London  might  experience  in  order  to  defray  their  expenses 
there,  by  binding  them  to  furnish  tin  for  money  advanced  at  great 
ultimate  loss  to  the  Comishmen.  They  also,  it  appears,  had  their 
agents  in  Cornwall,  who  advanced  money  to  the  needy  tinners, 
partly  in  wares  and  partly  in  money,  upon  agreement  that  they 

*  See  eopiee  of  these  Charters  in  the  Appendix. 
f  Surrey,  p.  21. 

t  Hawldns,  who  quotes  from  Towusend*8  Account  of  the  four  last  Parhaments  of 
Queen  Elizabeth.    Trans.  Geol.  Soc.  Cornwall,  p.  80. 
J  Surrey,  p.  16. 
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should  furnish  certain  quantities  of  tin  at  the  next  coinage,  by  which 
the  tinners  experienced  great  loss.*  Much  of  the  tin  raised  at  this 
period  must,  therefore,  have  been  in  the  hands  of  the  London 
merchants. 

Though  there  may  be  much  uncertainty  as  to  the  exact  time 
when  the  working  of  tin-mines,  either  in  Several  or  Wastrel,  was 
established,  with  the  practice  of  Bounding,  it  seems  to  be  gene- 
rally considered  by  the  writers  on  this  subject  that  the  latter 
followed  the  charter  of  1305.  The  meaning  of  these  terms,  and 
the  mode  of  undertaking  a  tin-mine  in  consequence,  during  the 
latter  part  of  the  sixteenth  century,  will  be  best  understood  by 
the  following  passage  from  the  Survey  of  Cornwall : — 

"  Their  workes,  both  in  Streame  and  Load^  says  Carew,  "  lie  either  in 
Severall  or  in  Wastrel!,  that  is,  in  enclosed  groands,  or  in  commons.  Id 
Severally  no  man  can  seareh  for  tynne,  without  leave  first  obtained  from  the 
lord  of  the  soile ;  who,  when  any  myne  is  found,  may  work  it  wholly  him- 
selfe,  or  associate  partners,  or  set  it  out  at  a  farme  certaine,  or  leave  it  uo- 
wrought  at  his  pleasure.  In  JVastrell,  it  is  lawful  for  any  man  to  make  triall 
of  his  fortune  that  way,  provided  that  bee  acknowledge  the  lordes  right,  hj 
sharing  out  unto  him  a  certain  part,  which  they  call  toll ;  a  custome  savour- 
ing more  of  indifferencie,  than  the  tynners  constitutions  in  Devon,  vbich 
inable  them  to  digge  for  tynne  in  any  man's  ground,  inclosed  or  unclosed, 
without  license,  tribute,  or  satisfaction.  Wherethrough  it  appeaieth,  that 
the  law-makers  rather  respected  their  owne  benefit,  than  equitie,  the  true 
touch  of  all  lawes.  The  Wastrel  workes  are  reckoned  among  chattels,  and 
may  pass  by  word  or  will.  When  a  myne  is  found  in  any  such  place,  the 
first  discoverer  aymeth  how  farre  it  is  likely  to  extend,  and  then,  in  the  foore 
comers  of  his  limited  proportion,  diggeth  up  three  turfea,  and  the  like  (if  he 
list)  on  the  sides,  which  they  terme  Bounding,  and  within  that  compass  every 
other  man  is  restrained  from  searching.  These  bounds  he  is  bound  to  renew 
once  everie  yeare,  as  also  in  most  places  to  bestow  some  time  in  working 
the  myne,  otherwise  hee  loseth  this  priviledge.  The  work  thus  found  and 
bounded,  looke  how  many  men  doe  labour  therein,  so  many  doales  or  shares 
they  make  thereof,  and  proportionably  divide  the  gaine  and  charges.  The 
lord  of  the  soyle  is  most-where  allowed  libertie  to  place  one  workman  in 
every  fifteene  for  himself,  at  like  hand  with  the  adventurer,  if  hee  be  so  dis- 
posed."t 

Respecting  the  working  of  the  copper-mines  of  Cornwall  at 
this  time,  the  following  passage  has  often  been  quoted  as  establish- 
ing the  fact: — "Copper,"  says  Carew,  'Ms  found  in  sundrie 
places,  but  with  what  gaine  to  the  searchers,  I  have  not  been 
curious  to  enquire,  or  they  hastie  to  reveal.     For  at  one  mine  (of 

•  Survey,  p.  1.).  f  lb,,  p.  13. 
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which  I  took  view)  the  owre  was  shipped  to  be  refined  in  Wales^ 
either  to  save  cost  in  the  fewell,  or  to  conceale  the  profit.*'*  Let 
the  motive  have  been  as  it  mighty  the  fact  itself  is  interesting,  in- 
asmuch as  it  shows  that,  two  centuries  and  a  half  since,  Cornish 
copper  was,  as  now,  smelted  in  Wales.  Seeing  that  fuel  was 
scarce  in  West  Cornwall,  and  known  to  be  abundant  in  Wales, 
we  may  readily  suppose  that  saving  in  the  expense  of  smelting  the 
ores  was  also  then,  as  now,  one  great  cause  of  its  shipment  to  the 
latter  place.  In  another  part  of  his  survey,  Carew  notices  copper- 
mines  as  worked  near  St.  Ives.f 

There  is  much  obscurity  respecting  the  date  at  which  copper 
was  first  raised  in  Cornwall.  As  has  often  been  observed,  the 
miners  could  scarcely  have  failed  in  finding  it  while  working  in 
the  tin  lodes,  many  of  which  have  been  subsequently  worked, 
in  depth,  for  copper.  We  may  readily  suppose  that  when  mal- 
leable, or  native  copper,  was  discovered,  that  it  would  be  ex- 
tracted, and  the  search  for  more  would  have  been  instituted  and 
trial  made  of  the  oxides,  and  gray  sulphurets  of  copper,  often 
found  with  it.  In  the  early  grants  to  search  for  copper,  that 
metal  seems  merely  to  be  enumerated  with  gold  and  silver,  and 
there  is  no  proof  that  mines  of  copper  were  then  worked.  Mr. 
Came  has  shown  that  the  information  of  Camden  and  Norden 
was  incorrect  as  respects  their  accounts  of  the  copper  in  Cornwall. 
The  statement  of  Carew,  however,  that  from  the  copper  mines  he 
visited  the  ores  were  sent  to  be  smelted  in  Wales,  shows  that  cop- 
per ores  were  considered  worthy  of  notice  in  his  time. 

A  writer  in  the  Philosophical  Transactions  in  1671,  who  de- 
scribes himself  as  acquainted  with  the  Cornish  and  Devon  mines, 
details  the  mode  of  mining  at  that  time,  which  probably  did  not 
much  differ  from  that  practised  when  Carew  wrote,  and  is  there- 
fore useful  in  supplying  a  description  of  those  things  which  he 
has  neglected  to  mention.  It  would  appear  that  levels  were  then 
driven  at  about  five  fathoms  under  each  other,  and  the  water  was 
raised  to  the  adit,  or  to  the  surface,  if  no  adit  was  formed,  by 
means  of  **  a  winder  and  keeble,  or  leathern  bags,  pumps  or 
buckets.'"  The  following  is  interesting,  as  showing  the  mode  in 
which  works  were  commenced  upon  lodes  at  that  time,  many 

*  Survey,  p.  6. 

t  B^  p.  154.  Tht!  copper^ lodes  of  Wheal  Trenwith  and  Wheal  Provideaee,  near' 
that  place,  may  then  have  been  known. 


Digitized  by  VjOOQiC 


534  ECONOMIC  GEOLOGY. 

remains  of  which  may  be  now  seen  in  different  parts  of  Cornwall 
the  pits  being  commonly  known  as  coffins. 

"  When  we  have  found  our  load,"  says  this  writer,  "  the  last  euag  hatch 
exchanges  its  name  for  that  of  a  tin  shqft,  or  tin  hatch,  which  we  sink  dora 
about  a  fathom,  and  then  leave  a  little,  long,  square  place,  termed  a  shamble, 
and  so  continue  sinking  from  east  to  west*  till  we  find  the  load  to  grov  too 
small,  or  degenerate  into  some  kind  of  weed,  as  mundick  or  maxy,  &c  Then 
we  begin  to  drive  east  and  west,  as  the  goodness  of  the  load  or  ooDYenience 
of  the  hill  invite,  which  we  term  a  drift,  three  foot  over  and  seven  foot  high ; 
but  in  case  the  load  be  not  broad  enough  of  itself,  then  we  usually  break 
down  the  deads^'f  first  on  the  north  side  of  the  load,  and  then  we  begin  to 
rip  the  load  itself. 

"  The  beele-men  rip  the  deadx  and  ore ;  the  bhovel-men  convey  it  off, 
and  land  it  by  casting  it  up  with  shovels  from  one  shamble  to  another; 
unless  we  have  a  winder  with  two  keebles,  which  as  one  comes  up  the  other 
goes  down.'*{ 

As  Carew's  work  is  valuable  for  the  insight  it  affords  of  the 
state  of  the  mines  during  the  latter  part  of  the  sixteenth  centurj, 
though  he  was  evidently  no  miner;  indeed  he  acknowledges 
the  great  assistance  he  derived  from  Sir  Francis  Godolphin  on 
mining  subjects,  an  important  statement,  as  it  renders  his  account 
more  useful  than  it  would  otherwise  be ;  so  also  is  the  Natural 
History  of  Borlase  valuable  for  the  condition  of  the  Cornish  miaes 
in  the  middle  of  the  last  century,  and  therefore  their  state  after 
the  lapse  of  a  century  and  a  half. 

Borlase  mentions  stream  works  as  carried  on  at  St.  Stephens 
Branel,  St.  Ewe,  St.  Blazey,  and  other  places  (the  most  important 
being  those  in  the  valley  between  St.  Austell  and  the  sea),  in 
which  tin  is  still  streamed,  though  the  Pentuan  works  (^p.  401)  are 
now  abandoned.  He  states  that  when  the  stream  tin^  then  ob- 
tained in  this  valley,  and  without  any  other  dressing  than  being 
washed  on  the  spot,  was  sent  to  the  smelting-house,  13  lbs.  of 
metallic  tin  were  delivered  to  the  owner's  order  by  the  melter  for 
every  20  lbs.  of  ore  so  sent  in.§      Borlase  also  notices  that  tin  ore 

*  That  is,  as  high  as  a  man  can  conveniently  throw  up  the  ore  with  his  sboreL 

t  Portions  of  the  adjoining  ruck,  or  unprofitable  purts  of  the  lode. 

X  Philosophical  Transactions,  No.  69,  p.  2096  (1671),  Phil.  Trans,  abridged,  vol- 
ii.  p.  565,  and  Came,  Trans.  Greol.  Society  of  Cornwall,  vol.  iii.  p.  47. 

(  Nat.  Hist.  Cornwall,  p.  163.  It  is  still  a  very  common  practice  amont;  the 
tinners  of  Cornwall  to  reckon  the  produce  of  metal  from  tin  ore  at  so  much  in  20, 
meaning  that  so  much,  whatever  the  weight  may  be,  of  metallic  tin  is  obtained 
from  every  20  lbs.  of  tin  ore. 
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had  then  been  lately  obtained,  with  advantage  to  the  lords  of  the 
soil«  in  the  creeks  of  Falmouth  Harbour^  probably  alluding  to 
Restronget  creek,  which  has  since  been  so  extensively  worked.  He 
also  says  tJiat  he  had  seen  tin  ore  in  a  pulverised  state  in  the 
sands  of  Mount's  Bay.* 

It  is  mentioned  that,  in  searching  for  tin  lodes^  some  persons 
drove  adits  through  their  grounds  to  cut  them ;  but  the  most 
common  mode  was  by  shoding,  which  seems  to  have  been  con- 
ducted much  in  the  same  manner  as  it  had  been  a  century  and  a 
half  previously,  and  probably  long  anterior  to  that  date. 

*' To  afford  a  view  of  the  manner  in  which  a  mine  was  worked  in  his  time, 
Borlase  selected  the  Pool  mine,  in  the  parish  of  lllogan,  a  mining  section  of 
which  he  has  figured.  In  this  figure  we  perceive  that  there  were  seven 
shafts  upon  the  lode,  upon  one  of  which  there  was  a  fire-engine  working 
the  pumps,t  and  raising  the  water  of  the  mine,  which  it  unwatered,  to  the 
adit  level,  20  fathoms  from  the  surface.  Another  shaft  has  a  whim  upon  it, 
probably  a  water-whim,  from  its  name ;  and  the  remaining  six  are  repre- 
sented as  having  common  winzes  at  their  heads  ;  though,  judging  from  the 
section,  two  of  them  must  have  been  45  fathoms,  and  one,  55  fathoms  deep. 
This  plate  also  shows  that  the  lode  was  worked  by  sloping,  or  in  steps,  so 
that  many  men  could  readily  be  employed  at  the  same  time  upon  it— a  prac- 
tice probably  ancient,  and  derived  from  working  the  open  lodes  by  stages, 
the  miners  throwing  the  ore  and  rubbish  from  one  stage  to  another  until 
they  reached  the  surface,  as  has  been  supposed  by  Pryce.{  The  walls  of  the 
lode  were  supported  by  timber,  and  planks  were  laid  upon  them  in  proper 
places,  on  which  the  deacU,  or  unprofitable  parts  of  the  workings,  were 
thrown.  Captains  superintended  the  work,  and  saw  that  it  was  properly 
conducted ;  and  it  appears  that  they  employed  the  magnetic  compass,  or  dial, 
in  ascertaining  the  bearings  of  work  to  be  executed,  such  as  sinking 
shafts,  &c. 

''  With  respect  to  the  machinery  employed  to  unwater  the  mines,  Borlase 
enumerates  the  tDaier-whim,  the  rag  and  chain  pump,  the  toaier-tcheeU  and 
bobs^  and  the  fire-engine,  independently  of  the  hand  and  forcing  pumps  for 
small  depths.  The  whim  seems  to  have  been  the  same  with  the  common 
horse-whim  of  the  present  day,  employed  to  draw  ores  firom  moderate  depths, 
the  only  difference  being  that  water  was  raised  in  the  kibbles,  or  buckets, 
instead  of  ore.  The  rag  and  chain  pump  consisted  of  an  iron  chain,  fur- 
nished at  intervals  of  two  or  three  feet  with  knobs  of  cloth,  stiffened  with 
leather,  which,  being  turned  round  by  a  wheel  two  or  three  feet  in  diameter, 
furnished  with  iron  spikes  that  fitted  in  to  the  links  of  the  chain,  and  made 
to  pass  through  a  wooden  pump-cylinder  (about  six  or  eight  inches  diameter, 

*  Nat.  Hist.  Cornwall,  p.  164. 

t  The  pump  cylinders  are  descrilwd  as  partly  of  iron  and  partly  of  brass. 
X  Mineralogia  Comubtensis.  p.  141.  He  supposes  that  driving  and  stoping  in  tin- 
mines  was  not  more  than  three  centuries  old  in  1778. 
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and  twelve  or  fifteen  feet  long),  brought  up  the  water  which  rose  into  the 
bottom  of  this  wooden  cylinder  between  the  knobs  of  rag.  The  suriace  of 
the  water  to  be  pumped  out  was  necessarily  some  height  above  the  bottom 
of  the  cylinder,  and  beneath  it  the  chain,  with  its  rag-knobs,  dipped  in  its 
passage  round  the  wheel  and  through  the  pump-cylinder.  These  pumps 
were  worked  by  hand  in  the  mines,  and  afforded  a  stream  of  water  in  pro- 
portion to  the  circumvolution  of  the  wheel  turned.  Rag  and  chain  pumps 
were  then  also,  it  appears,  worked  by  small  water-wheels  in  the  tin-stream 
works  near  St  Austell.  The  water-wheels  with  bobs  sometimes  worked 
pumps  with  brass  cylinders,  and  seem  to  have  been  much  used,  as  Borlase 
complains  that,  from  the  great  want  of  water  in  summer,  many  of  these  en- 
gines could  not  work  from  May  or  June  to  October — a  great  hindrance,  it  is 
observed,  to  the  mines  at  that  season  of  the  year."* 

Our  author  gives  a  figure  and  description  of  the  steam  or  fire- 
engine  of  his  day,  and  notices  the  great  advantages  it  possessed 
over  other  machinery  for  drawing  water.  The  number  of  engines 
of  this  kind  then  in  Cornwall  is  not  stated,  though  he  mentions 
those  at  North  Downs,  Pitt-louarn,  Polgooth,  Godolphin  Hill, 
Herland,  BuUengarden,  Dolcoath,  the  Pool,  Bosprual,  Hueiros, 
and  Ludgvan-lez.  It  appears  that  one,  with  a  cylinder  70  inches 
in  diameter,  .was  erected  at  Herland  Mine,  near  Gwinear.  An 
engine,  with  a  cylinder  47  inches  in  diameter,  at  Ludgvan-lez, 
making  about  15  strokes  in  a  minute,  is  represented  as  raising 
1 5  hogsheads  of  water  per  minute  from  30  fathoms  and  through 
pumps  1 5  inches  in  diameter.  The  consumption  of  coals  in  these 
engines  was,  as  is  well  known,  enormous.  It  appears  that  the 
duty  on  coals,  at  5s.  per  chaldron,  and  remitted  by  government 
upon  five  fire-engines  upon  three  mines  (two  upon  North  Downs, 
Redruth,  two  upon  Pitt-louarn,  Resnorth,  and  one  upon  Pol- 
gooth Mine),  amounted,  in  one  month,  to  139/.  18j.  3rf.f  The 
coals,  therefore,  consumed  by  them  were  equal  to  about  560 
chaldrons  per  month,  or  6720  chaldrons  per  annum. 

According  to  Carew,  the  black  tin  was  divided  among  the  ad- 
venturers, and  the  lord's  portion  taken  after  it  was  dressed;  but 
we  now  find  that  the  ore  was  divided  into  shares,  or  dolesj  upon 
being  raised  from  the  mine,  the  lord  taking  a  sixth  part,  clear  of 
all  costs,  or  an  eighth  or  tenth  when  he  allowed  for  draining,  or 

•  Nat.  Hist.  Coruwall,  p.  171. 

t  Thin  curious  statement  was  derived  by  Borlase  from  Mr.  Lemon,  who,  io  J"s 
letter,  dated  May  8«  1756,  states  that  this  and  some  other  calculations  on  the  dutii^. 
of  ropes,  iron,  candles,  powder,  &c.,  consumed  in  these  three  mines,  were  faithfully 
extracted  from  the  account-books  belonging  to  them. 
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wished  otherwise  to  encourage  the  adventure.  In  cases  where  the 
land  was  bounded,  the  bonnder  had  the  right  of  granting  the  sett, 
or  right  of  w  orking,  taking  for  his  share  a  sixth,  clear  of  cost,  or 
otherwise  as  he  might  agree,  the  lord  then  only  obtaining  a 
fifteenth  part.  Great  care  was  taken  to  divide  the  tin  raised  from 
any  mine  fairly,  and  having  put  aside  the  portions  due  to  the 
lord,  or  bounder  and  lord,  as  the  case  might  be,  they  threw  the 
remaining  parcels  into  one  heap,  and  then  readily  divided  it  among 
the  adventurers  according  to  their  shares,  lots  being  cast  for  the 
smaller  parcels  thus  made.* 

"  We  now  find  the  mode  of  dressing  the  tin-ores  greatly  improved.  Each 
owner  of  the  black  tin,  as  he  thought  proper,  carried  it  to  the  stamping-mills, 
a  figure  of  one  of  which  Borlase  gives,  representing  a  common  overshot  water- 
wheel  between  four  stamps  (though  probably,  from  the  description,  six  were 
intended  to  be  represented).!  This  stamping-mill  did  not  apparently  differ 
much  from  the  wet-stamps  employed  150  years  previously,  or  from  those 
still  seen  in  some  minor  works.  The  iron  stamp-heads,  at  the  bottom  of  the 
stamps,  are  mentioned  as  weighing  140  lbs.  each.  The  stamped  ore  could 
only  escape  through  small  holes  punched  in  a  plate  of  iron,  by  means  of  the 
water  which  kept  constantly  flowing  through  them,  after  having  passed 
under  the  stamps  where  the  black  tin  was  pounded,  "the  pulverised  ore 
was  carried  hence  by  water  into  two  pits,  one  corresponding  to  each  set 
of  (or  three)  stamp-heads,  where  it  was  deposited  according  to  its  relative 
speeific  gravity. 

"  The  ore  was  then  budded,  trunked,  and  framed,  processes  which  we  shall 
shall  have  to  describe  hereafter,  and  which  seem  to  have  been  conducted  at 
that  time  nearly  as  at  present,  the  whole  depending  upon  separating  the 
heavy  tin  ore  from  the  lighter  and  other  particles  bymeansof  moving  water. 

**  The  tin  being  dressed  was  carried  in  sacks  upon  horses  {  to  the  melting- 
house,  and  an  assay  taken  of  it.  The  melter,  for  the  coals,  labour,  and 
utensils  employed  in  the  fusion,  was  usually  paid  jj  of  the  product,  ^  being 
given  to  the  owners,  who,  if  the  tin  ore  was  very  rich,  received  twelve  and  a 
half,  and  even  thirteen  parts  out  of  twenty ;  while,  on  the  other  hand,  for 
very  poor  ores  they  did  not  obtain  more  than  eight  parts  in  twenty. 

**  *  The  melter,'  says  Borlase,  '  having  bargained  for  the  parcel  brought, 
gives  his  note  to  deliver  the  quantity  of  white  tin  agreed  upon  at  the  ensuing 
coinage,  and  at  his  own  conveniency  (taking  care  to  mix,  correct,  and 
qualify  the  different  sorts  of  tin  which  he  takes  in),  melts  the  tin  in  a  reverbe- 
ratory  furnace,  with  a  fire  of  pit-coal,  all  which  comes  from  Wales.  The  great 
consumption  of  wood  used  in  charcoal  by  the  former,  and  more  ancient 
meihod  of  melting  tin  by  a  bluwing-house,  suggested  at  last  the  necessity  of 
introducing  the  pit-coal  for  this  purpose,  and  among  the  rest,  to  the  noble 

*  Nat.  Hist.  Cornwall,  p.  175.  f  ^*-7  P- 177,  aod  pi.  xix.  flg.  3. 

X  About  3001bs.  weight  on  each  horse. 
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Sir  Bevel  Granville,  of  Stofw,  iQ  this  county  ,*  who,  as  I  have  heen  informed, 
made  several  experiments  of  melting  tin  therewith  (though  without  success), 
in  order  to  save  wood,  and  keep  the  tin  from  wasting  in  the  hlast  The  in- 
vention of  the  reverberatory  furnace  about  fifty  years  since,  has  rendered 
this  fire  effectual,  but  the  pit-coal  leaves  a  sulphureous  brittleness  in  the 
metal  which  the  wood  fire  does  not,  *  *  *  *  and  this  is  the  reason  that  tin 
melted  in  the  blowing-house  by  charcoal  sells  for  more  at  the  market  (usually 
a  twelfth  part  more),  than  that  of  the  furnace,  as  being  the  purer  metal. 
When  the  ore  is  sufficiently  melted,  it  i^  poured  into  quadrangular  troughs 
or  moulds  of  stone,  containing  about  320lb3.  weight  of  metal,  which,  when 
hardened,  is  called  a  block  of  tin,  and  carried  to  the  coinage  town/' f 

We  now  see  that  coal  was  employed  for  smelting  the  tin  ore, 
and  that  this  change  took  place  probably  towards  the  end  of  the 
seventeenth  or  the  commencement  of  the  eighteenth  century.  It 
seems  to  have  greatly  superseded  the  use  of  blowing-houses,  as 
Borlase  states^  that  blowing  tin^  as  it  was  termed^  though  prac- 
tised in  his  time  in  some  parts  of  Cornwall,  was  only  employed 
for  small  parcels  of  ore. 

After  mentioning  that  Polgooth  had  produced  the  most  gain 
among  tin  mines  (and  it  is  generally  considered  to  have  been 
one  worked  at  a  very  remote  period),  at  the  rate  of  20,0001  per 
annum  for  several  years  to  the  adventurers  in  his  time,  Borlase 
notices  Polberou  mine,  in  St.  Agnes,  as  the  richest  tin-mine  for  ore 
that  he  had  ever  heard  of.  The  ore,  consisting  principally  of 
large-grained  crystals  was,  in  1750,  so  abundant  in  several  pa- 
rallel and  contiguous  veins,  that  they  could  not  find  horses  enough 
in  the  neighbourhood  to  carry  it  to  the  smelting-house,  and  were 
compelled  to  take  it  away  in  carts,  described  as  ''  a  very  un- 
usual sight,  though  doubtless  a  more  effectual  and  easy  draught 
where  the  ways  will  admit  of  wheels. "  A  considerable  part  of 
this  ore  was  so  rich  that  it  did  not  require  to  be  stamped,  and 
large  blocks  of  tin-stone  were  obtained.  In  March,  1750,  one  was 
taken  to  Killenick  smelting-house,  weighing  6641bs.,  and  was  so 
rich  that  it  yielded  eleven  and  a  half  for  twenty,  without  stamp- 
ing or  dressing.  Another  block  brought  to  the  smelting-house 
from  the  same  mine  is  stated  to  have  weighed  12001bs.j; 

Copper  mines  were  now  in  full  work  in  Cornwall,  but  it  is  stated 

*  In  the  time  of  Charles  I. 

t  Nut.  Hist.  Cornwall,  p.  182.    Tlie  coinage  towns  were  then  five,  among  Ibein. 
Penzance,  added  in  the  time  of  Charlesi  II. — AW.  lb. 
X  Nat.  Hist,  of  Cornwall,  p.  188. 
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that  they  had  not  turned  out  any  considerable  profit  to  the  owners 
until  towards  the  close  of  the  seventeenth  century,  or  about  100 
years  after  Carew  compiled  his  Survey.  Borlase  enumerates  the 
following  as  having  turned  out  the  greatest  profit  between  1718 
and  1758 : — Chacewater,  in  Kenwyn  ;  North  Downs,  in  Redruth ; 
Huel-ros,  in  St.  Agnes  ;  Roskear  and  Huel  *  Kitty,  in  Camborn ; 
Huel  Fortune,  in  Ludgvan;  the  Pool,  in  lUogan;  Dolcoatli, 
Bullengarden^  Entral,  and  Longclose,  in  Camborne ;  Metal 
Works,  Huel  Virgin,  and  Trejeuvyan,  in  Gwennap;  Biuner 
Downs  and  Clowance  Downs,  in  Crowan ;  Huel  Cock  and  Ros- 
moran,  in  St.  Just;  and  Herland  Mine,  in  Gwinear.  At  the 
commencement  of  the  working  of  Huel  Virgin  (now  part  of  the 
ConsoUdated  or  Consols  Mines),  in  July  and  August,  1757,  the 
first  fortnight  produced  copper  ore  which  sold  for  5700/.,  and 
the  next  three  weeks  and  two  days,  as  much  as  sold  for  9600A 
tlie  cost  of  raising  the  former  quantity  being  only  100/.,  and  that 
of  the  latter  a  trifle  more  in  proportion  to  the  quantity. |  The 
lord's  dues  on  the  copper  mines,  which  it  must  be  observed  were 
not  subject  to  the  practice  of  bounding,  as  was  the  case  with  the 
tin  mines,  then  amounted  to  one- fifth  part  of  the  whole  produce, 
clear  of  all  expense,  and  was  never  less  than  one-eighth,  also 
clear.  Mr.  Lemon  computed  that  for  fourteen  years  previous  to 
January,  1758,  the  copper  of  Cornwall  produced  cash  one  year 
with  another,  to  the  amount  of  160,000/.J  In  mines  which  threw 
up  a  good  quantity  of  the  ore,  it  was  broken  in  the  lode,  raised  to 
the  surface,  dressed  and  sorted  at  one-tenth  part  of  the  whole 
produce  when  sold,  and  sometimes  for  less.§ 

*  It  if  much  to  be  regretttid  that  the  modern  Cornish  have  altered  the  old  epelling 
of  this  word,  which  means  a  mine,  into  Wheal,  more  particularly  as  it  is  retained 
with  the  old  spelling  in  some  parts  of  Brittany,  and  has  there  the  same  meaning. 

f  Nat.  Hist.  Cornwall,  p.  206.  t  Jb,  p.  207. 

§  /6.  p.  204.  Respecting  the  other  metals  worked  at  this  period,  antimony  is 
staled  to  have  been  raised  in  St.  Minver,  and  is  noticed  as  occurring  in  the  parishes 
of  Eadellyon,  St.  Austell,  St.  Stephens,  and  St.  Kew. — Jb,  p.  129.  Manganese  was 
worked  near  Tregoss  Moor,  (not  improbably  the  lode  from  which  some  was  obtained 
two  or  three  years  since,  near  the  Indian  Queen),  and  the  ore  was  so  near  the  surface 
that  it  only  cost  18</.per  ton  in  raisiiQi^.  Many  tons  of  this  ore  were  obtained,  though 
there  was  little  demand  for  it ;  a  circumstance  which  Borlase  considered  due  to  the 
want  of  intercourse  and  correspondence  between  Cornwall  and  the  proper  mineral 
markets,  as  in  1754  a  tun  of  this  maagnnese  was  sent  to  LiYerpooI  and  afterwards 
carried  forty  miles,  and  sold  for  5/.  S«.  6d. — lb,  p.  130.  Lead  appears  to  have  been 
little  worked.  The  old  lead  mines  of  Penrose,  near  Helston,  are  stated  to  have 
yielded  a  tolerable  profit  within  the  thirty  previous  years,  and  a  mine  in  St.  Issy,  near 
Padstow,  was  the  only  one  of  note  then  working  for  its  lead  alone. — Jb,  p.  212. 
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We  are  presented  with  the  following  account  of  the  manner  in 
which  copper  ores  were  then  sold,  one  which  Borlase  states  had 
existed  for  about  thirty  years  previously : — 

"  A  quantity  being  sorted,  cleaned,  and  divided  into  heaps,"  he  says,  ao- 
cording  to  the  quality  of  the  ores,  the  agents  for  the  copper  companies  of 
Wales  and  Bristol  (who  reside  at  Truro  and  Redruth),  upon  notice  given, 
attend  to  sample  the  ore,  and  each  sampler  having  taken  from  each  pile  as 
much  as  is  sufficient  for  assaying  and  ascertaining  the  value  of  that  pile,  a 
day  is  appointed  by  joint  consent  of  the  seller  and  buyer,  at  such  distance  as 
may  give  the  sampler  time  to  repeat  and  verify  his  assays  for  the  sale  of  the 
copper:  on  the  fixed  day  each  of  the  samplers  attends,  and  produces  a  ticket, 
or  written  paper,  sealed  up,  in  which  is  expressed  the  price  which  each 
sampler  will  give  for  the  ore ;  he,  who  in  his  ticket  bids  most,  has  the  ore."* 

This  mode  of  selling  copper  ores  in  Cornwall,  which  has  con- 
tinued upon  the  same  principle  to  the  present  day,  and  has  there- 
fore lasted  about  110  years,  is  described  more  iu  detail  by  Jars, 
who  visited  the  Cornish  mines  in  1765,  After  mentioning  that 
there  were  then  nine  copper  smelting  companies  in  England,  the 
greater  number  being  in  Wales  and  Bristol,  and  that  there  was 
only  one  copper  smelting-house  in  the  county,  each  copper  com- 
pany having  an  agent  resident  in  Cornwall,  in  order  to  receive 
instructions  and  make  purchases,  he  proceeds  to  state  that, 

"  When  there  is  ore  to  be  sold  in  a  mine,  the  agents  are  informed  that, 
on  such  a  day,  samples  will  be  taken.  Each  agent  then  goes  to  the  mine  on 
the  day  appointed,  and  from  each  of  the  heaps  of  ore  one  is  made  the  quarter 
of  the  quantity  to  be  sold.  From  this  quarter  the  samples  are  taken  after 
the  ore  has  been  well  mixed.  Each  of  the  agents  then  puts  some  of  the  ore 
into  a  small  bag,  about  the  measure  of  a  quarter  of  a  bottle,  in  order  to  make 
the  assay  on  which  the  price  is  fixed,  the  result  of  which  is  kept  a  profound 
secret  until  the  sale  takes  place.  This  generally  follows  about  a  fortnight 
after  the  samples  have  been  taken,  when  the  adventurers  in  the  mines,  or 
their  agents,  and  the  agents  of  the  smelting  companies  assemble  and  dine 
together  at  the  charge  of  the  lord,  whose  portion  of  ore  is  sold  with  the 
others,  since  he  takes  his  share  in  money.  Each  of  the  agents  seated  with 
the  adventurers  round  a  table,  gives  in  a  paper  containing  his  offer  Ibr  each 
kind  of  ore,  specifying  the  weight  of  each  heap,  always  expressed  in  tons, 
writing,  for  example,  1 8  tons  of  ore  at  3/.  or  6/.  All  the  papers  are  then 
read  aloud,  and  each  person  takes  a  note  of  the  offers  which  have  been  made, 
upon  which  the  purchaser  makes  his  engagement  to  pay  in  a  given  timet 

*  Nat.  Hist.  Cornwall,  p.  204. 

t  Voyages  M^tallurgiques,  torn.  iii.  (Paris,  1781),  pp.  210,  211.  The  Cornish 
copper  works  are  noticed  as  existing  at  Hayle  (p.  217),  and  two  large  copper  works 
at  Bristol  are  stated  to  be  those  to  which  the  largest  quantity  of  copper  ore  raised  in 
Cornwall  was  then  sent  (p.  222).  Some  ore  is  represented  to  have  been  sufficiently 
rich  to  have  been  sold  at  60/.  per  ton,  while  none  were  sold  below  ]/.  lOt.  per  toa,  as 
they  would  not  pay  for  smelting  (p.  212). 
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Thirteen  years  after  the  visit  of  Jars  to  the  Cornish  mines,  we 
find  Pryce  describing  the  dinners  given  on  the  days  of  the  copper- 
ore  sales,  or  ticketing-days,  as  they  are  termed,  as  resembling  a 
city  feast,  and  being  provided  at  the  expense  of  the  mines,  in 
proportion  to  the  ores  each  had  to  sell;  so  that,  for  the  convenience 
of  sale,  it  would  appear  that  the  various  mines  had  then  agreed 
to  assemble  on  fixed  days,  whereas  the  description  of  Borlase  and 
Jars  would  lead  us  to  suppose  that  the  sales  were  previously  made 
at  each  mine.  He  observes  that,  about  the  year  1751,  when  he 
first  became  acquainted  with  Cornish  mining  affairs,  there  were 
only  six  copper-companies  established  for  buying  ores,  while  then 
(in  1778)  there  were  thirteen  companies.*  By  a  ticketing  notice^ 
given  by  Pryce,  of  the  copper-ores  sold  at  Redruth  on  July  10, 
1777^  it  would  appear  that  the  same  publicity  was  afforded  to  the 
offers  of  the  thirteen  parties  there  noticed,  as  is  now  done  in  the 
present  sales,  at  which  about  eight  companies  bid. 

These  sales  now  happen  weekly  at  Truro,  Redruth,  or  Pool ; 
and  it  is  usual,  aftei^the  results  of  the  last  sale  are  published,  to 
announce  those  that  will  take  place  at  the  two  next  ticketing^ 
days,  distinguishing  the  mines  and  the  number  of  tons  of  ore  (of 
21  cwt.)  which  each  intends  to  sell.  The  following  will  afford 
an  idea  of  the  results  of  one  of  these  weekly  sales,  the  purchasers 
named  being  those  whose  tickets,  at  tlie  meeting,  were  found  to 
contain  the  highest  offers  for  each  respective  lot  or  parcel  of 
ore  if — 

*  It  irould  appear  that  ia  Pryce's  time  there  [were  two  copper-companiei  in 
CornwaU — that  at  Ha^le,  mentioned  in  a  previous  note  (which  it  seems  was  first 
established  by«Mr.  Sampson  Swaine,  with  others,  at  Entral,  in  the  parish  of  Cam- 
borne), and  another  at  Tregew,  on  the  Falmouth  estuary,  which  had  been  first 
established  at  North  Downs,  near  Bedruth,  the  fonner  being  removed  to  the  sea- 
side for  the  greater  facility  of  procuring  coals,  as  probably  was  also  the  case  with  the 
latter.  Both  these  copper- works  are  now  abandoned — that  at  Hayle,  now  converted 
into  iron-works,  having  lasted  to  within  a  few  years.  Among  the  various  attempts 
to  smelt  copper  ores  in  Cornwall,  Pryce  notices  that  of  Mr.  Scobell,  Sir  Talbot 
Clark,  and  Mr.  Vincent,  at  Polruddon,  near  St,  Austell,  about  1708,  when  the  first 
piece  of  copper  was  smelted,  refined,  and  brought  to  perfection  in  that  county. 

f  This  account  is  selected  only  because  it  is  the  last  we  have  seen  before  going  to 
press.  We  should  observe  that  when  the  tickets  of  two  or  more  companies  ofEtti  the 
same  sum  for  a  parcel  of  ore,  that  parcel  is  equally  divided  between  the  companies 
80  offering  the  same  price. 
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Copper  Ore*  nld  at  Truroy  Ni^vemUr  29, 1838. 


MiDti. 
CoDSol.  Mines 


Gt.  St.  George 


Wh.  EHen 


Fowey  Consols 

ft        • 
Levant 
Wh.  Perran 


Carrieil  forward 


ai  Cwt 

115 

102 

101 

98 

96 

87 

86 

75 

74 

73 

72 

;o 

68 
66 
57 
56 
55 
54 
53 
52 

•  81 

.  70 

.  67 

.  60 

.  58 

.  55 

.  46 

.  43 

.  42 

.  68 

.  63 

.  61 

.  60 

.  48 

.  107 

.  95 

.  93 

.  85 

.  65 

.  50 

.  37 

.  32 
2896 


Pnichaaert. 
P.  Grenfell  and  Sons 


Pnec. 
£7  10 


Freeman  and  Co.           .         .         .  .  8 

P.  Orenfell  and  Sons     •         .         .  .  7 

FreemfUi  and  Co.                    .         .  .  7 

4 

Vivian  azid  Sons,  and  Freeman  and  Co.  .  5 

P.  Grenfell  and  Sons     •         i         .  .  5 

Freeman  and  Co.          .         .         .  .  8 


Williams,  Foster,  and  Co. 

Sims,  Willyams,  Nevill,  Druce,  and  Co. 

Mines  Royal  Co. 

,,  ... 

WilUams,  Foster,  and  Co. 
Vigurs,  Batten,  James,  and  Co. 


11  10 
2  3 
9    9 


Mines  Royal  Co.            .         •          .         .  8  18 

Sims,  Willyams,  Nevill,  Druoe,  and  Co.  .  5  17 

6    1 

5  19 

.  3    1 


Vivian  and  Sons 
Mines  Royal  Co.,  and  Williams,  Foster, 
and  Co 7  13 


Sims,  Willyams,  Nevill,  Druoe,  and  Co. 
Vivian  and  Sons 


3  18 

3    4 


Williams,  Foster,  and  Co. 

Mines  Royal  Co.,  and  Williams,  Foster, 

and  Co.  .         •         b         .         •         .     4 
Mines  Royal  Co.  .         •         .         .     5 

Vivian  and  Sons  ...         .3 

Mines  Royal  Cob  ...     5 

Freeman  and  .Co.,  and  P.  Gfenfell  and 

Sons        ......     6 

Vivian  and  Sons,  and  Freeman  and  Co.    .     5 

Vivian  and  Sons 5 

10 

Williams,  Foster,  and  Co.      .  .16 


0 
0 
6 
6 
0 
0 
6 
0 
6 
6 
0 
6 
0 
0 
6 
6 
6 
6 
6 

6 
6 
0 
6 
6 
6 
6 
6 
6 
6 
6 

0 
0 
6 
0 

0 
0 
0 
0 
6 


P.  Grenfell  and  Sons     .         .         .         .  8  19 
Ditto  and  Sims,  WiUyanw,  Nevill,  Dniee, 

and  Co 3  13 

P.  GrenfeU  and  Sons    .         .         .         .  3  17 
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Mines.  SI  Cwt  Purehosen.  Prioe. 

Brought  forwaid  .  2896 
Wh.  Penan  .     30    Vivian  &  Sons,  P.  Orenfell  &  Sons,  and 

Sims,  WiUyams,  Nerill,  Dnice,  &  Co.  .  £3    0    0 
Wh.  Leisure        .         .     55    Sims,  WiUyams,  Nevill,  Druce,  and  Co,.*     2  10    0 

, ,  •  •  •      44  ij  •  •  •  •  m      o    i£     0 

,,        .         .  .     43                ,,              1  17    6 

Trewavas    .         .  .59    Mines  Royal  Go 8    5    6 

,,        .         .  .49                ,,              6    6    6 

Wh.  Providence  .  .     44  Freeman  and  Co.          .         .         .         •     3  14    6 

,f        .         .  .38  P.  Oienfell  and  Sons     .         .                  .500 

Tketoil        .         .  .66  Williams,  Foster,  and  Co.      .                  .   11     9    6 

Total        .  3323 

Average  Produce,  8 — Quantity  of  fine  Copper,  266  tons  15  cwt^- Amount  of  Sale, 
20,124/.  5«.— Average  Stoadard,  109/.  14«. 

At  the  conclusion  of  this  sale  it  was  announced  that  the  follow- 
ing would  be  sold  at  the  two  next  ticketing-days,  so  that  a  fort- 
night's notice  is  always  given,  the  same  being  done  after  each 
sale. 

Copper  Ores  for  sa/e  at  Redruth,  December  6. 

EsstWh.  Crofty,  Longclose,  and  Dudnance,  1006;  United  Hills,  318;  Fowey 
Consols,  307 ;  Dolcoath,  233 ;  Wh.  Lydia,  and  South  Towan,  233  ;  East  Pool,  192 ; 
Tin  Croft,  191 ;  Stray  Park,  178 :  South  Wh.  Bassett,  135 ;  St.Enoder  Consols,  26. 
Total,  2849  twenty-one  cwts. 

Copper  Grew  /or  oale  at  Redruth^  December  13. 

Cam  Biea,  706 ;  Wh.  Virgin,  496 ;  Wh.  Treasury,  and  DrewoUas,  473;  Fowey 
Consols,  245 ;  Great  Wh.  Fortune,  Owen  Vean,  and  Rospeath,  228 ;  Relistian,  216 ; 
Tfcsavean,  198;  Wh.  Unitywood,  and  Union,  187;  Levant,  143;  Wh.  Vor,  116; 
Wh.  Leeds,  85 ;  Wh.  Oshome,  40 ;  North  Oodolphin,  29 ;  South  Polgooth,  20 ;  Wh, 
Elisabeth,  9.  Total,  3191  twenty-one  cwts. 

It  will  be  observed,  that  while  some  parcels  of  ore  brought 
prices  varying  from  10/.  to  16/.  per  ton  (of  21  cwt.),  others  were 
sold  much  lower,  even  from  the  same  mine :  thus,  while  one  par- 
cel of  70  tons  from  Consols'  Mines  sold  for  11/.  10s.  6rf.  per  ton, 
another  parcel  from  the  same  mine,  of  68  tons,  only  brought 
2/.  3*.  per  ton.  This  arises  from  the  practice  of  dividing  the  ores 
out  into  lots  according  to  their  respective  qualities:  thus,  the 
1510  tons  of  ore  sold  by  Consols'  Mine  were  divided  into  20  lots 
or  parcels,  all  of  which  brought  different  prices,  according  to 
their  value.  The  average  produce  per  cent,  necessarily  varies 
considerably  according  to  the  ores  brought  to  the  sale ;  in  that 
preceding  the  one  above  noticed  we  find  it  equal  to  7^  per  cent. 
Sir  Charles  Lemon  gives  the  following  tabular  view  of  the  pro- 
duce, percent.,  of  Cornish  copper  ores,  in  decennial  periods,  from 
1771  to  1837,  observing  thai  the  quality  of  the  ores  found  cannot 
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have  varied  in  the  degree  marked  in  the  average  produce,  but 
rather  that  the  decline  has  depended  on  the  produce  of  the  ores 
brought  to  market  being  always  lower  as  the  improvements  in 
smelting  advanced.* 


Years. 

Tons  of 
Ore. 

Tons  of 
Copper. 

Prodnce 
percent. 

ytan. 

Tons  of 
Ore. 

Tons  of 
Copper. 

Produce 
perCeot. 

1771 

27,896 

3,347 

12 

1801  to  1810 

67,532 

6,059 

9 

1781 

28,749 

3,450 

12 

181 1  to  1820 

78,560 

6,602 

8i 

1791 

Records  lost. 

1821  to  1830 

114,040 

9,143 

8 

1800 

55,981       5,187 

9* 

1831  to  1837 

142,785 

11,637 

84 

The  standard  noticed  is  the  estimated  value  of  the  fine  copper, 
per  ton,  considered  from  the  various  assays  to  be  in  the  ores  sold, 
less  a  fixed  sum  (21.  I5s,)  per  ton,  allowed  for  the  cost  of  smell- 
ing. From  the  improvements  in  obtaining  the  metal  from  the 
ores,  and  probably  also  from  the  return  of  fine  copper  from  the 
ores  on  the  large  scale  being  greater  than  the  assays  would  show, 
copper  is  now  usually  sold  under  the  price  considered  as  the 
standard.  The  standard,  of  necessity,  fluctuates  considerably, 
and  its  state  is  in  consequence  anxiously  looked  for  by  the  miner. 
The  standard  of  the  sale  above  noticed  was  109/.  14^.,  while  we 
find  that  of  the  previous  ticketing  to  have  been  1 10/.  8.y.,  so  that 
it  had  fallen  14*.  within  the  week;  but  at  a  fortnight  preceding 
it  was  107/.  18^.,  so  that  there  was  a  rise  within  that  time  of 
1/.  16^.,  and  it  was  consequently  advantageous  to  the  miner  to 
that  amount. 

Pryce  notices  the  rapid  increase  in  the  produce  of  the  Cornish 
tin  mines  in  his  time,  observing  that,  for  the  last  twenty  years 
(1758  to  1778),  the  annual  average  of  block  tin  had  amounted  to 
about  3000  tons,  which  was  double  the  quantity  annually  coined 
sixty  years  previously  (about  1718),  and  one-third  increase  within 
the  last  thirty  years,  f  It  would  appear  that  charcoal  was  still 
employed  in  smelting  stream  tin,  J  and  that  culm,  and  not  bitumin- 
ous coal,  was  considered  the  proper  flux  for  assaying  tin,§  a  fact 
to  which  attention  seems  not  to  have  been  paid  while  working  tin 

*  The  Statistics  of  the  Copper-mines  of  Cornwall,  Journal  of  the  Statistical  So- 
ciety, June,  1838,  v  i.  p.  68. 

t  Mineralogia  Coraubiensis,  Introduction,  p.  xi. 
J  lb.,  p.  65.  §  /A.,  p.  40. 
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ores  on  the  large  scale  at  the  smelting-houses  until  of  late  years, 
during  which  culm  has  been  employed  in  preference  to  common 
coal. 

The  same  author  laments  that  the  practice  of  shoding  had 
greatly  declined  in  his  day,  and  states  that  out  of  all  the  miners 
there  were  then  not  fifty  who  scientifically  or  experimentally  un- 
derstoood  anything  about  the  matter.  It  seems  still  less  practised 
now ;  though,  if  a  stone  of  tin-ore  should  turn  up  in  working  the 
ground,  endeavours  will  still  be  made  to  see  whence  it  may  have 
been  derived,  by  working  in  various  directions  until  it  shall  be 
found  that  the  fragments  of  tin-ore  multiply,  and  thus  the  ore  be 
traced  to  the  broil,  or  bryle,  of  the  lode  whence  they  have  been 
derived,  the  miners  generally  trying  up  the  hill  from  which  these 
and  other  decomposed  portions  of  the  rocks  composing  it  have 
descended. 

Tin-streaming  seems  to  have  been  conducted  in  Pryce's  time  much  as  it 
is  at  present,  though  now  probably  there  are  fewer  profitable  works  of  this 
kind,  from  the  general  decrease  of  stream- tin.  A  sett  or  lease  of  the  ground 
having  been  obtained,  and  terms  made  with  the  lord,*  an  excavation  is  made 
down  to  the  fundamental  rock  or  shelf  upon  which  the  stanniferous  gravels 
rest.  The  over-burden,  or  superhicumbent  beds  of  gravels,  clay,  sand,  or 
peat,  as  the  case  may  be,  are  removed,  and  streams  of  water  so  conducted 
that  they  may  be  made  to  fall  upon  proper  washing-places,  where  the  tin-stones 
are  separated  from  the  non-stanniferous  portions  of  the  gravel  or  sand,  the 
water  that  drains  into  the  excavation  being  removed  either  by  hand- pumps 
of  a  very  ingenious  description,  by  which  even  small  pebbles  may  be  raised 
with  the  water,  or  by  those  of  a  more  common  construction.  In  places  where 
there  is  much  water,  and  adits  cannot  be  well  contrived  to  carry  it  off.  small 
water-wheel  pumps  with  balance  bobs  are  erected.  In  the  more  important 
works,  such  as  those  of  Pentuan  were,  and  those  in  Rostronget  Creek  (p.  401) 
now  are,  steam-engines  are  employed.  We  have  nowhere  seen  the  rag  and 
chain-pumps  noticed  by  Pryce  as  being  employed  in  the  stream- works  of  his 
time,  and  believe  this  kind  of  pump  to  be  now  disused.  The  fall  of  water  is 
usually  conducted  upon  an  inclined  plane  of  wood,  upon  which  the  stanni- 
ferous gravel  to  be  washed  is  thrown.  The  gravel  being  worked  about,  the 
tin-stones,  if  of  sufficient  volume,  and  the  force  of  the  water  not  too  great, 
remain  in  great  part  upon  this  inclined  plane,  from  their  greater  relative 
specific  gravity,  while  the  non-stanniferous  gravel  is  washed  away.     Some- 

*  It  would  appear  that  in  1778  the  lord  either  took  a  share  varying  from  a  sixth 
to  a  ninth  of  the  black  tin  raised,  reafly  for  smelting,  or  the  streamer  contracted  <<  to 
employ  so  many  men  and  boys  annually  in  his  stream-work,  and  to  pay  him,  for 
liberty,  from  twenty  to  thirty  shillings  a-year  for  each  man,  and  so  in  proportion  for 
irery  boy ;  that  is,  for  twelve  shillingn  monthly  wages,  he  contracted  to  pay  the  lord 
half  as  much  as  for  a  man.'* — Min.  Comubiensin,  p.  132. 

2n 


Digitized  by  VjOOQiC 


546  ECONOMIC  GEOLOGY. 

times  the  finer  grains,  if  reduced  to  sand,  escape  to  the  end  of  this  incUned 
plane  or  tye,  but  in  such  oases  the  supply  of  water  is  usually  regulated 
accordingly. 

In  the  more  important  works  the  stream-tin  obtained  is  dressed 
with  more  apparent  care,  but  in  numerous  situations  throughout 
Cornwall  little  stream-works  will  be  observed  upon  which  four  or 
six  miners  may  be  employed,  sometimes  only  one  solitary  streamer, 
which  collectively  must  still  produce  much  tin-ore.  It  is  very  com- 
mon for  stream-tin,  the  produce  of  these  small  works,  to  be  brought 
into  the  towns  on  market-days  and  sold  to  the  smelting-houses ; 
and  a  solitary  man  may  oflen  be  here  and  there  seen  on  the 
moors  or  in  the  valleys,  turning  over  his  little  heap  of  half-dressed 
stanniterous  gravel,  giving  it  the  final  preparation  for  the  market 
As  these  poor  fellows  very  frequently  wash  gravel  that  has  been 
turned  over  once  or  twice  before,  their  gains  cannot  be  great,  and, 
judging  from  all  those  with  whom  we  have  spoken  on  the  subject— 
and  they  have  been  many — it  must  be  with  great  labour  that  they 
can  earn  a  scanty  livelihood.  The  produce  of  these  little  adven- 
tures is  usually  stamped  and  further  dressed  at  the  smelting- 
houses.  In  Pryce's  time  the  stream-tin  seems  generally  to  hare 
been  smelted  at  the  blowing-houses,  which  were  farmed,  and,  in- 
stead of  being  sold  as  formerly,  were  disposed  of  by  sample,  as 
the  mine-tin  was  at  the  smelting-houses.  It  would  also  appear 
that  the  refuse  and  leavings  of  the  old  stamping-mills,  which  had 
been  some  years  lying  and  collecting  in  the  lower  grounds,  would 
then  yield  a  profit  to  the  dressers.*  We  believe  there  is  at  present 
but  one  blowing-house,  or  blast-furnace,  in  Cornwall,  the  one 
usually  known  as  the  Higher  Blowing  House,  near  St.  AustelL 
Here  stream-tin,  chiefly  obtained  from  the  neighbourhood,  is 
smelted.  Stream-tin,  however,  from  many  other  places,  appears 
to  be  smelted  in  the  reverbatory  furnaces  of  the  usual  smelting- 
houses. 

On  the  subject  of  bounding,  it  would  appear  that  in  1778  new 
bounds  were  seldom  cut,  as  the  lords  availed  themselves  of  the 
three  months'  notice  which,  by  the  Stannary  laws,  it  was  necessary 
to  give  them  and  the  Stannary  court,  of  the  intention  of  others  to 
cut  bounds.  Upon  this  notice  being  given,  they  presented  an  in- 
strument praying  for  liberty  for  themselves  and  the  enrolment  of 
such  bounds  within  that  Stannary.  Then,  as  now,  these  tin- 
*  Minenlogia  Cornubiengis,  p."135. 
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bounds  seem  to  have  been  fertile  in  disputes,  more  particularly  as 
tlie  bounders  may  have  no  title  to  any  part  of  an  estate  above 
ground  on  which  they  grant  sets  for  working  tin. 

From  a  section  of  Bullen  Garden  Mine,  Camborne,*  it  would  appear  that 
it  was  then  ninety  fathoms  deep,  unwatered  by  means  of  an  engine-shaft 
extending  down  the  whole  depth  of  the  mine,  in  which  shaft  were  two 
pumping  fire-engines  raising  the  water  from  the  sump  up  two  separate 
pumps  to  the  lower  or  deep  adit,  about  sixty-seven  fathoms,  and  by  two  water 
wheels  with  bobs,  one  working  immediately  under  the  surface,  and  the  other 
at  the  depth  of  about  six  fathoms,  these  pumps  assisting  to  raise  the  water 
through  separate  shafts  after  it  had  been  lifted  forty-seven  fathoms  by  the 
fire-engine  shaft,  as  also  to  carry  off  water  coming  in  by  a  level  from  Dol- 
Goath  Mine.  There  were  two  whims,  apparently  horse-whims,  drawing  ores 
through  shafts  extending  to  the  deepest  level  in  the  mine,  which  was  worked 
by  stoping.  The  engine-shaft  was  well  supplied  with  ladders,  as  also  one  of 
the  water-wheel  pump-shafts,  and  other  parts  of  the  mine,  so  that  the  com- 
munication by  ladders  seems  to  have  been  good.  Judging  from  this  plan^ 
and  that  given  by  Borlase  of  the  Pool  Mine  (p.  535),  the  mode  of  working 
mines  in  the  depth  would  appear  to  have  been  much  improved  within  the  in- 
tervening twenty  years. 

Pryce  gives  a  very  detailed  account  of  the  state  of  mining  in 
his  time^  which  it  is  interesting  to  compare  with  the  present 
system,  after  the  lapse  of  sixty  years.  The  manner  of  raising 
water  was  by  hand  and  force-pumps,  and  small  water-barrels  for 
small  depths,  and  by  horse-whims  with  water-barrels  for  greater^ 
when  the  shaft  was  perpendicular. |  The  rag  and  chain-pumps 
were  now  nearly  laid  aside  from  their  expense,  estimated  at  50/. 
or  60/.  each,  per  month,  and  the  destruction  caused  among  the 
men  who  worked  them,  from  the  great  fatigue  they  were  com- 
pelled to  undergo  at  them.  It  required  twenty- four  men  to  keep 
one  of  these  engines  constantly  at  work,  in  spells  of  six  at  six 
hours  each  spell,  and  they  worked  naked  at  them,  with  the  excep- 
tion of  loose  trousers. 

The  water-wheel  with  bobs  was  employed  where  a  supply  of 
water  eould  be  obtained,  and  one  at  Cook*s  Kitchen  Mine  was 
forty-eight  feet  in  diameter^  and  worked  tiers  of  pumps  of  nine 
inches  bore,   divided   into   four  lifts,  and   raised  water   eighty 

*  Mineralogia  Cornubienflis,  plate  4,  p.  172. 

f  The  smaller  barrels  used  with  these  horse-whins  contained  sixty  gallons  each, 
the  larger  would  hold  120  gallons,  and  two  additional  horses  were  theu  added  to  the 
whim,  which  was  thus  worked  by  four.  It  was  considered  that  the  water  mustt  be 
Ufted  within  twenty  fathoms,  and  at  the  rate  of  not  less  than  two  barrels  per  minute, 
to  make  these  larger  barrels  worth  their  charge. — lind,,  p.  151. 

2n2 
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fathoms  to  the  adit.  The  power  of  a  water-wheel  of  thisdiamelCT 
was  estimated  to  be  equal  to  a  fire-engine  of  that  time  (improved 
Neweomen's),  of  forty-seven  inch  cylinder.*  Very  powerful  water- 
wheel  pumps  are  now  to  be  seen  in  several  parts  of  Cornwall  where 
a  proper  supply  of  water  can  be  obtained.  From  the  latter  cir- 
cumstance they  are  commonly  employed  in  the  Devonshire  mines, 
the  largest  and  finest  in  the  whole  district  having  been  recently 
erected  at  Wheal  Friendship  near  Tavistock.  Where  the  supply 
of  water  is  so  precious,  not  only  for  water-wheel  pumps,  but  also 
for  dressing  ores,  large  sums  of  money  are  often  paid  in  Cornwall 
and  Devon  for  the  use  of  it,  and  no  small  contrivance  is  frequoilly 
exhibited  in  turning  a  stream  to  the  greatest  account.f 

The  atmospheric,  or  steam-engine  of  Newcomen,  which  had 
been  gradually  much  improved  since  it  was  first  introduced  (about 
sixty-five  or  seventy  years  previously  J),  though  still  very  costly, 
from  the  quantity  of  coal  consumed  by  it,§  was  in  1778  giving 
place  to  Watt's  engines,  one  of  which  of  thirty-inch  cylinder  is 
noticed  by  Pryce  as  at  work  at  Huel  Bussy  (Chacewater),  while 
three  others  were  erecting  at  Ting  Tang,  Owanvean,  and  Tre- 
gurtha  Down  Mines.  He  describes  the  former  as  working  *'  a 
pump  of  six  inches  and  a  half  in  diameter  in  two  shafts  by  flat 
rods  with  great  friction,  300  feet  distant  from  each  other,  forty-five 
fathoms  high  on  each  shaft,  equal  in  all  to  ninety  fathoms,  and  as 
making  fourteen  strokes  of  eight  feet  long  per  minute,  with  a  con- 
sumption of  coals  less  than  twenty  bushels  in  twenty-four  hours. ',| 
The  remuneration  required  by  Watt  for  the  use  of  his  engines 

*  Mineralogia  Coniubiensis,  p.  152. 

t  Mr.  Carae  cites  Wheal  Reeth,  a  mine  in  granite  between  Penzance  and  St.  Uts, 
as  a  singular  instance  of  one  so  dry  in  the  workings,  that,  thou^^h  160  fathomH  deep, 
the  quantity  of  water  raised  by  a  steam-engine  to  the  surface  was  mo  small  (in  1824) 
that  it  was  not  suiEcient  for  stamping  and  dressing  the  tin-ore  obtained. — ^IVans. 
Geol.  Soc.  Cornwall,  vol.  iii.  p.  63. 

{  Newcomen'i  patent  was  granted  in  1705.  Mr.  Carne  states  that  the  first  steam- 
engine  in  Cornwall  was  erected  at  Wheal  Vor,  a  mine  at  work  from  1710  to  17 14, bat 
considers  it  doubtful  whether  it  was  on  the  plan  of  Savary  or  Newcomen,  as  engines 
of  the  latter  do  not  appear  to  have  been  much  known  before  1712. — liitL,  voLiii> 
p.  f)0. 

(  lb,  p.  154,  and  plate  3,  p.  160.  Notwithstanding  numerous  contrivances  to  dimi- 
nish the  cost  of  the  coals  consumed  in  these  engines,  among  which  there  was  one  of 
a  granite  boiler  heated  by  means  of  three  tubes  p<isung  through  it,  the  consumption 
of  fuel  was  still  great,  and  estimated  at  3000/.  per  annum  for  engines  of  large  sixe.— 
lb.  p.  308. 

II  /6iif.,  p.  313. 
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t*as,  as  is  well  known^  one-third  the  saving  of  coals  effected  by 
them  compared  with  the  amount  consumed  by  the  old  engines, 
and  to  acertain  this  a  counter  was  invented,  which,  being  attached 
to  the  main  beam,  marked  the  number  of  vibrations  of  this  beam, 
from  which  the  work  done  by  the  engine  was  calculated,  and,  the 
amount  of  coal  consumed  being  ascertained,  the  saving  was 
found.  Though  the  patent  right  no  longer  exists,  this  mode  of 
calculating  the  work  executed  by  the  Cornish  steam-engines  still 
remains,  and  their  duty,  as  it  is  termed,  is  estimated  by  ascer- 
taining the  number  of  pounds'  weight  which  are  lifted  one  foot 
high  by  them  by  the  consumption  of  one  bushel  of  coals.  The 
saving  effected  by  the  use  of  Watt's  engines  was  too  obvious  to  be 
neglected  among  the  Cornish  mines,  and  we  find  that  for  three 
engines  erected  at  Chacewater  Mine  the  adventurers  compounded 
for  the  one-third  of  the  saving  of  fuel  they  thereby  gained  at 
2400/.  per 'annum,  which  would  show  that  the  whole  saving  ex- 
ceeded 7200/.  per  annum.* 

Great  as  were  the  advantages  to  the  mines  which  followed  the 
introduction  of  Watt's  first  engines,  they  have  been  exceeded  by 
the  improvements  which  have  been  since  adopted;  so  that,  for 
effectually  performing  their  work  at  great  depths,  and  for  the 
small  relative  amount  of  fuel  consumed  by  them,  the  Cornish 
pumping-engines  of  the  present  day  stand  pre-eminent,  and  mines 
are  worked  which  must  long  since  have  been  abandoned  but  for 
their  existence.  Though  it  may  appear  strange,  the  value  of 
these  engines  seems  not  to  have  been  fully  appreciated  out  of  the 
mining  districts  of  Cornwall  and  Devon  until  lately.  It  is  now  a 
very  common  practice  to  have  the  duty  of  the  engines  on  mines 
ascertained  and  published ;  and  for  this  purpose  Captain  Lean  f 
is  appointed,  by  those  mining  adventurers  who  desire  it,  to  fix  a 
counter  upon  the  various  engines  which  are,  as  it  is  termed,  to  be 

*  The  steam  Engine  familiarly  explained  and  illustrated.  By  Dr.  Lardner. 
5th  edit.  p.  94. 

t  When  Watt's  patent  expired,  and  there  was  no  neecMtity  for  keeping  the  coun- 
ters on  the  engines,  they  were  abandoned,  except  in  a  few  mines,  where  they  were 
retained  for  the  satisfaction  of  the  agents.  In  1812  Captain  Joel  Lean  suggested 
the  plan  of  placing  a  counter  on  every  engine,  and  of  pubUshing  the  estimated  duty 
performed  by  them.  This  plan  having  been  adopted  very  generally,  by  degrees, 
the  stimulus  to  improvement  and  attention  has  been  so  considerable,  that  from  an 
average  duty,  supposed  to  have  been  be1«  w  1 7,000,000  lbs.,  it  has  increased  to  the 
present  average  (in  1837)  of  4  7,087,374  lbs. 
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reported — that  is^  have  their  duty  published  onoe  per  month.  As 
this  plan  is  found  valuablej  and  excites  much  emulation  among 
the  engineers^  there  are  few  engines  the  duty  of  which  is  not 
reported.  The  counter  is  furnished  with  a  Bramah's  lock,  the 
key  of  which  Captain  Lean  keeps,  and  it  is  inspected  by  him  once 
per  month.  If  considered  desirable  another  counter  is  attached 
to  the  engine,  which  is  open  to  the  inspection  of  the  engineer,  the 
agents  of  the  mine^  and  the  engine-men.  A  separate  party  sup- 
plies the  coals^  which  are  delivered  to  the  order  of  the  engine-men 
as  they  may  require  them.  These  orders  are  examined  and 
countersigned  by  Captain  Lean,  and  then  passed.  At  the  end  of 
each  month  the  coals  not  consumed  are  measured^  and  thus  the 
real  amount  consumed  is  ascertained.  This  being  done^  and  the 
counter  examined,  the  duty-papers,  as  they  are  termed^  are  pub- 
lished, and  include  an  account  not  only  of  pumping-engines,  but 
also  of  steam-engines  employed  in  drawing  ores  up  the  shafts, 
and  in  stamping  ores.*     The  following  Tables  of  the  average 

*  This  paper  contains,  for  the  pumping-engines — I,  the  name  of  the  mine ;  2,  the 
name  of  the  engine  and  the  diameter  of  its  cylinder ;  3,  the  average  quantity  of  vatet 
drawn  per  minute ;  4,  the  load  per  square  inch  on  the  pivton  ;  6,  length  of  stroke 
in  the  cylinder ;  6,  number  of  lifts;  7,  depth  of  the  lifts;  8.  the  time  betweenlh« 
observations;  9,  the  consumption  of  coal  in  busheb;  10,  number  of  strokes ;  lU 
length  of  the  stroke  in  the  pump ;  12,  load  in  pounds;  13,  pounds  lifted  ooe  fint 
high  by  consuming  a  bushel  of  coal;  14,  number  of  strukee  of  the  beam  per  mi* 
nute ;  and,  15,  the  engineers'  names,  with  remarks  as  to  the  position  of  the  main- 
beams,  whether  the  draught  be  perpendicular  or  diagonally,  &c. 

For  the  engines  employed  in  stamping,  the  paper  contains — 1,  the  name  of  tlw 
mine ;  2,  that  of  the  engpne  and  the  diameter  of  its  cylinder ;  3,  the  length  of  the 
crank ;  4,  length  of  stroke  in  the  cylinder;  5,  diameter  of  the  fly-wheel;  6,Dambcr 
of  »tamp-head« ;  7,  time  through  which  the  observations  extend ;  8,  consumption  of 
coal  in  bushels;  9,  average  height  which  every  head  lifts  in  inches;  10,  number  of 
times  which  every  head  lifts  at  a  stroke  of  the  engine ;  11,  number  of  strokes;  \% 
weight  of  heads  and  lifters  in  pounds;  13,  pounds  lilted  one  foot  high  by  too- 
suming  a  bushel  of  coal ;  14,  number  of  strokes  per  minute ;  and,  15,  the  eogineen* 
names,  and  remarks. 

For  the  engines  employed  in  drawing  ores  we  hare — 1,  the  names  of  the  mines; 
2,  that  of  the  engine  and  the  diameter  of  its  cylinder;  3,  consuroptiou  of  coal  in 
busheb ;  4,  average  number  of  kibbles  (iron  buckets  in  which  the  ore  b  raised) 
drawn  from  100  fathoms  |  5,  average  weight  of  a  kibble  (with  ore)  in  ponods;  6, 
pounds  drawn  one  foot  high  by  consuming  a  bushel  of  coal;  7,  horse-whim  kibbles 
drawn  from  100  fathoms  by  consuming  a  bushel  of  coal ;  and,  8,  engineers'  oamei 
and  remarks. 

With  respect  to  the  duty  of  the  pumping-engines  reported,  Mr.  Wickkteed  has 
observed  (on  the  effective  power  of  the  high-pressiire  expansive  condensing  steam- 
engines  commonly  in  use  in  the  Cornish  mines,  Transactions  of  the  Institution  of 
Civil  Engineers,  vol.  i.)  that  the  friction  b  not  taken  into  account;  and  that,  as  this 
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duty  of  the  pumping-engines  in  G)rnwall  for  1836,  and  for  the 
half-year  ending  June,  1837,  will  show  the  estimated  work  per- 
formed by  these  engines  for  that  time : — 

Average  Duty  of  Steam-Engines  employed  in  pumping  in  the  Mines  qf 
Connoall  in  the  Year  1836.* 


MINES. 


W.U.Wood  .. 

Pbldiee 

Wh.  Damsel. . . 
Wheal  Jewel  .. 
Cardrew  Dwns . 
Wheal  Tolgus  . 
»    

Dolcoath ..!.!! 
K.  Wh.  Crofty  . 
North  Roskear . 
South  Rwkear  . 

Tincroft 

Binuer  Downs  . 
ff    

Wheal  Julia".'! 
W.  DarUngton  . 
Maraziun 

M         

Consolidated  .. 

>»     

»i     

M         

»>     

99         

United  Mines . . 

*»     

>i     

»♦     ••••.••« 
W.Beauchamp. 


Engine,  and  tbe  ^me- 
ter of  Um  cylindor. 


Williams's  80  in. 
Sims's  90  in. 
Stephens'  bO  in. 

39  in. 

66  in. 
Davey'M  70  in. 
Horton's  70  in. 
Price's  25*  in. 

76  in. 

80  in. 
New  en^.  70  in. 
W.  Chance  60  in. 

56  in. 
W.  Treas.  50  in. 
Gregor's  42  in. 
Burn's  64  in. 
W.  Penny,  24  in. 

80  in. 

80  in. 
Puwlet's60in. 
E.  Rodney,  40  in. 
Taylor's  85  in. 
Davey's  80  in. 
Pearce's  65  in. 
Woolf's  90  in. 
Bawden's  90  in. 
Sheara's  65  in. 
Cardoso's  90  in. 
Little  en.  30  in. 
Loam's  85  in. 
Hocking's  85  in. 
Western  36  in. 
Powning's  36  in. 


Load  per 
•q.  inch 
on  plat. 


7.8 

5.84 
12.6 
13.2 

5.2 

7.56 
15.0 
14.97 
12.8 

7.6 
10.8 

7.05 
13.7 
14.77 
15.8 
12.1 
18.2 

5.03 
14.6 
15.1 

6.36 
11.46 
12.0 
16.8 
11.6 

8.3 
12.9 
10.98 
17.96 
10.5 
12.9 
14.8 
12.0 


Length 
ofttroke 
in  cylSod. 


Feci. 
10.0 
10.0 
9.33 
8.5 
8.75 
10.0 
10.0 
6.0 
9.0 
10.33 
10.0 
9.0 
9.33 
9.66 
9.0 
9.33 
5.25 
11.0 
10.0 
9.0 
9.0 
10.33 
11.33 
9.0 
10.0 
10.0 
9.0 
9.0 
9.0 
10.0 
10.0 
7.75 
8.0 


I^ength 
of  stroke 
in  pump. 


Feet, 

7.b 

7.0 

7.25 

6.0 

7.0 

7.5 

7.5 

6.0 

7.5 

7.75 

8.0 

7.0 

7.25 

8.0 

7.5 

7.75 

5.25 

9.0 

8.0 

8.0 

7.0 

7.76 

8.75 

7.5 

7.5 

7.6 

7.5 

8.0 


6.0 


Pounds  lined 
1  loot  high  by 
conauming  a 
bushel  of eoaL 


47,540,000 
40,990,000 
41,870,000 
33,500,000 
32,990,000 
47,880,000 
62,420,000 
27,260,000 
43,720,000 
42,570,000 
72,140,000 
43,740,000 
38,050,000 
43,620,000 
41,620,000 
53,790,000 
28,090,000 

77,040,000 
61,790,000 
36,100,000 
73,160,000 
68,220,000 
48,620,000 
53,100,000 
44,300,000 
58,340,000 
48,070,000 
66,480,000 
72,330,000 
68,260,000 
25,980,000 
33,770,000 


varies  in  every  engine,  and  the  machinery  worked  hy  it,  the  reported  duty  is  not  the 
whole  performance  of  the  engine;  and  that,  therefore,  "  an  engine  which  is  reported 
as  performing  a  certain  duty  may,  in  fact,  be  doing  as  much  work  as  another  engine 
whose  reported  duty  is  greater."  From  this  it  would  follow,  that  the  whole  reported 
work  of  these  engines  falls  short  of  that  which  they  actually  perform.  It  will  also 
be  evident  that  the  coals  employed  may  vaiy  much  in  their  heating  powers,  thouA 
probably  this  will  not  much  aflfect  the  relative  duty  of  the  engines,  as  we  have  found, 
ttamgh  the  quaUty  of  the  coals  used  in  the  mines  does  vary,  that  they  an  generally 
of  a  fair  average  common  quality.  '        o  j 

*  From  Bfr.  English's  Mining  Review,  Feb.,  1837. 
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iTable  continued,) 


MINES. 

Eogioe.and  tho  dirnne- 
tar  of  the  cylinder. 

Load  per 
•q.  mch 
on  pUt. 

Length 
ofstioke 
meylind. 

LeoKth 
of  stroke 
inpamp. 

PonodiBlM 
Ifoothtrtbj 

connmmgt 
bushel  of  coal. 

Lbt, 

Feft, 

Feet, 

Polgooth 

66  in. 

9.2 

9.8 

7.4 

73,200,000 

Charlestown  U  . 

50  in. 

9.08 

9.3 

8.2 

52,730,000 

Pembroke 

Pearce's  50  in. 

8.0 

9.0 

7.0 

41,340,000 

>*     

Kdgecum  40  in. 

17.5 

9.0 

6.5 

47,830,000 

EastCrinnis... 

Husdon's  76  in. 

12.9 

10.33 

7.25 

52,990,000 

>»    

Rundle's  41  in. 

16.0 

9.3 

7.25 

47,180,000 

Fowey  Consols . 

Austen's  80  in. 

10.5 

10.3 

9.25 

85,650,000 

M         •.•..».• 

Saw1e*s  24  in. 

15.24 

8.5 

5.5 

41,440,000 

Roche  Rock  . . . 

36  in. 

14.2 

8  5 

6.8 

39,230,000 

Brin  Tye 

36  in. 

7.0 

5.75 

5.75 

E.  Wheal  Rose. 

36  in. 

4.8 

7.5 

6.0 

19,390,000 

Wheal  Vor.... 

Borlase's  80  in. 

13.8 

10.0 

8.0 

74,480,000 

>»     •  •  •  

TrelawnyN  80  in. 

U.^3 

10.0 

7.5 

62,830,000 

>»    

Woolf's  53  in. 

16.0 

9.0 

7.5 

45,860,000 

>»    •  •  • 

Carleen  en.  45  in. 

18.3 

6.8 

5.6 

43,690,000 

Great  Work  . . . 

W.  Breage  60  in. 

11.45 

9.0 

7.0 

43,660,000 

M        

Leed's  en.  60  in. 

13.5 

8.0 

7.0 

59,400,000 

Wheal  Leisure*. 

Eastrn.  en.  70  in. 

12.14 

10.0 

8.0 

>»     •••••••• 

Wfstrn.  en.  66  in. 

10.36 

9.83 

7.75 

34,820,000 

Gt.  St  George  . 

North  60  in. 

10.84 

10.0 

6.5 

52,420,000 

V     

South  en.  40  in. 

15.74 

9.0 

7.5 

30,490,000 

»     • 

DevonHh.  70  in. 

6.2 

10.0 

7.5 

27,030,000 

Wh.  Prudence  . 

33  in. 

14.45 

8.75 

6.75 

54,760.000 

S.  Wh.  Towan  . 

40  in. 

11.58 

9.0 

7.0 

61,310,000 

Wheal  Liberty  . 

58  in. 

13.2 

9.3 

8.0 

44,440,000 

Wh.  Relistian., 

60  in. 

10.37 

9.6 

8.0 

43,020,000 

Wh.  Prospect . . 

50  in. 

5.8 

9.0 

7.5 

31,440,000 

Wheal  Virgin.. 
Wheal  Leeds  .. 

40  in. 

11.88 

9.0 

7.0 

35,360,000 

36  in. 

15.8 

8.0 

8.0 

33,100,000 

Ballaswidden  . . 

24  in. 

9.7 

7.0 

6.0 

56,580,000 

Levant  ....... 

New  en.  40  in. 

8.36 

9.0 

7.0 

24,490,000 

Ding-dong  .... 

30  in. 

10.0 

6.0 

6.0 

25,820,000 

Providence,    St 

Ives 

30  in. 

12.2 

6.0 

6.0 

25,820.000 

Average  Duty  of  Steam- Engines  employed  in  pumping  in  the  Mines  of 
Cornwall,  for  the  Half-year  ending  June,  1837.* 


MINES. 

Engine  snd  the  diame- 
ter of  the  cylinder. 

Load  per 
■q.  inch 
on  pist. 

L«>ngth 
of  stroke 
in  cylind. 

i^-^i,  1    Poonds  lifted 
mpump.     i,ttj,elofcoal. 

W.  U.  Wood 
Poldice  .     . 
Wh.  Damsel 
Wheal  Juwel 
Wheal  Tulgus 
>  > 

Dolcoath 

E.  Wh.  Crofty 

Williams's  80  in. 
Sims's  90  in. 
Stephens*  50  in. 

39  in. 
Davey's  70  in. 
Horton's  70  in. 
Pryre'H  25^  in. 

76  in. 

SOiu. 

Lbs. 
8.38 
5.84 
13.0 
13.6 
7.56 
15.0 
14.97 
9.83 
8.32 

Feet. 

10.0 

10.0 

9.33 

8.5 

10.0 

10.0 

6.0 

9.0 

10.33 

Feet. 
7.5 
7.0 
7.25 
6.0 
7.5 
7.5 
6.0 
7.5 
7.75 

56,685,000 
42,964.000 
45,329,000 
34,795.000 
47,536,000 
60,537,000 
25,206.000 
46,398,000 
44,392,000 

♦  From  Mr.  English's  Mining  Review,  December,  1837. 
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{Table  continued.) 


MINEa 

Engine  and  the  diame- 
ter of  the  cyUnder. 

Loadp^r 
•q.  inch 
on  put 

Length 
of  stroke 
in  cyUnd. 

Length 
of  stroke 
in  pump. 

Pounds  liAed 
one  foot  high  by 

bushel  uf  cual. 

Lbs. 

Feet. 

Feet. 

North  RoBkear . 

New  eng.  70  in. 

13.2 

10.0 

8.0 

79,535,000 

W.  Chance  60  in. 

7M 

9.0 

7.0 

43,534,000 

Tincroft       .      . 

56  in. 

13.88 

9.33 

7.25 

40,952,000 

Bioner  Dowus  . 

W.  Treas.  50  in. 

14.01 

9.66 

8.0 

48,559,000 

i>       •      • 

Gregor's  42  in. 

15.8 

9.0 

7.5 

41,204,000 

» »       •     • 

Burn's  64  in. 

12.37 

9.33 

7.75 

48,44i,000 

»*      .*      * 

W.  Penny  24  in. 

13.1 

5.25 

5.25 

32,438,000 

Wheal  Julia     . 

80  iu. 

7.74 

11.0 

9.0 

W.  Darlington  . 

80  in. 

14.6 

10.0 

8.0 

71,259,000 

Marazbn     •     . 

Powlet*s  60  in. 

15.32 

9.0 

8.0 

55,043,000 

» >       •      • 

E.  Rodney  40  in. 

7.2 

9.0 

7.0 

40,611 ;000 

Consolidated 

Taylor's  85  in. 

11.46 

10.33 

7.75 

63,020,000 

>  >       •     • 

Davey*s  80  in. 

13.09 

11.33 

8.75 

71,454,000 

>  1       •     • 

Pearce's  65  in. 

16.8 

9.0 

7.5 

51,535,000 

1 »       •     • 

Wooirs  90  in. 

11.56 

10.0 

7.5 

51,132,000 

>>       •     • 

Bawden's  90  in. 

8.3 

10.0 

7.5 

44.736,000 

M 

Shears's  65  in. 

12.9 

9.0 

7.5 

54,418,000 

United  Mines    . 

Cardoso's  90  in. 

11.9 

9.0 

8.0 

50,776,000 

y> 

Little  en.  30  in. 

17.96 

9.0 

7.5 

59,461,000 

9  9            •         • 

Loam*s  85  in. 

11.6 

lO.O 

7.5 

63,866,000 

9  9             •         • 

Hocking's  85  in. 

12.7 

10.0 

8.5 

68,635,000 

W.  Beai:champ 

Western  36  in. 

16.3 

7.75 

6.0 

32,714,000 

9  9             •          • 

Powning*8  36  in. 

12.0 

8.0 

6.0 

31,440,000 

Polgooth      .     . 

66  in. 

9.2 

9.8 

7.4 

74,615,000 

Charlestovn  U. 

50  in. 

12.41 

9.3 

8.2 

46,501,000 

Pemhruke    .     . 

Pearce's  50  in. 

8.0 

9.0 

7.0 

43,553,000 

9  9          /         • 

Edgecum.  40  in. 

17.5 

9.0 

6.5 

44,008,000 

Kast  Crinnis 

Hudson's  76  in. 

12.9 

10.33 

7.25 

57,403,000 

9  9         •       • 

Rundle*s  41  in. 

16.0 

9.3 

7.25 

55,402,000 

Fowey  Consols . 

Austen's  80  in. 

10.97 

10.3 

9.25 

87,065,000 

99            •         • 

Sawles  24  in. 

16.93 

8.5 

5.5 

42,832,000 

Roche  Rock 

36  in. 

14.2 

8.5 

6.8 

40,269,000 

Brin  Tye     .     . 

36  in. 

7.0 

5.75 

5.75 

29,605,000 

R.  Wheal  Roae. 

36  in. 

4.8 

7.5 

6.0 

21,247,000 

Wheal  Vor  .     . 

Borlase  s  80  in. 

13.94 

10.0 

8.0 

74,073,000 

J*       •     • 

Trelawney's  80  in. 

13.89 

10.0 

7.5 

61,335,000 

J  >       •     • 

Woolfs  53  in. 

16.0 

9.0 

7.5 

41,390.000 

99             •          • 

Carleen  en.  45  in. 

17.13 

6.8 

5.6 

37,4.59,000 

Great  Work      . 

W.  Brnagtie  60  in. 

10.89 

9.0 

7.0 

45,292,000 

1  >       •     • 

Leed's  en.  60  in. 

15.9 

8.0 

7.0 

63,236,000 

Wheal  Leisure 

Kastrn.  en.  70  in. 

13.34 

10.0 

8.0 

47,969,000 

9  9             •         • 

Westrii.  en.  66  in. 

11.3 

9.83 

7.75 

48,677,000 

Gt.  St.  George  . 

North  60  in. 

10.84 

10.0 

6.5 

.35,120,000 

i>       •     • 

^»outh  en.  40  in. 

17.76 

9.0 

7.5 

54,500,000 

»>       •     • 

Devonsh.  70  in. 

7.9 

10.0 

7.5 

Wh-  Prudence  . 

33  in. 

16.7 

8.75 

6,75 

27,236,000 

S.  Wh.  Towan  . 

40  in. 

14.43 

9.0 

7.0 

43,995,000 

Wheal  Liberty  . 

58  in. 

13.2 

9.3 

8.0 

67,365,000 

Wh.  Relistian  • 

60  in. 

11.34 

9.6 

8.0 

44.572,000 

Wheal  Virgin   . 

40  in. 

15.24 

9.0 

7.0 

31,119,000 

Wheal  Leeds    . 

36  iu. 

19.18 

8.0 

8.0 

39,859,000 

Ballaswidden    . 

24  in. 

9.8 

7.0 

6.0 

35,294,000 

Lerant    .     .     . 

New  en.  40  iu. 

10.0 

9.0 

7.0 

67,810,000 

Ding-dong  .      . 

30  in. 

12.58 

6.0 

6.0 

26,156,000 

Providence^  St 

Ives    .      .      . 

30  in. 

16.2 

6.0 

6.0 

32,889,000 
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Prom  the  following  Table,  by  Sir  Charles  Lemon,*  it  would 
appear  that  since  the  establishment  of  the  duty-papers  the  work 
performed  by  the  Cornish  engines  has  been  far  more  than  doubled 
in  twenty-four  years,  and  the  duty  performed  by  the  best  eogines 
during  that  time  has  been  more  than  trebled. 

A  Table  of  the  Duty  performed  by  Steam-Enginee  in  CormeaU,  showing 
the  Average  Duty  of  the  whole  for  each  Year,  and  also  the  Average  Dutff 
qf  the  best  Engine. 


Approzi. 

Approxi- 

mate 

Average  Duty 

Average  Duty 

mate 

Avetage  Duty 

Average  Doty 

Yeats. 

No.  of 

of 

of  the 

Years. 

No.  of 

6t 

of  the 

Engines 

the  whole. 

best  Engine. 

Engines 

the  whole. 

bestEogiae. 

reported. 

reported. 

1813 

84 

19,456.000 

26.400.000 

1826 

48 

3C            30 

45.280.eM 

1814 

29 

20.534.238 

32.000,000 

1827 

47 

3a            00 

5JJ.700.OW 

1816 

35 

90.526.160 

28.700,000 

1828 

54 

37   :          00 

76,763.000 

1816 

3S 

22.907.110 

82.400.000 

1829 

54 

40,^'li\-00 

76.100.000 

1817 

81 

26.502.259 

41.600.000 

1830 

55 

43.^'f^,747 

1818 

32 

25.433.783 

39.300,000 

1881 

58 

4S,..-..'.r-.56 

71087.000 
85.045.000 

1819 

37 

26.252.620 

40.000.000 

1832 

59 

4i            21 

1890 

37 

28.736.398 

41.300.000 

1833 

56 

4C             56 

73.335.000 

1831 

89 

28.223,382 

42.800.000 

1834 

58 

4;             64 

a        93 

90.930.0(» 

1822 

45 

28.887.216 

42.500,000 

1835 

51 

91.679.211 

1823 

45 

28.156.162 

42.122.000 

1836 

61 

4(          io 

85.899.000 

18S4 

45 

28.326.140 

43,500,000 

1887 

66 

4:      :    74 

87.212.000 

1825 

50 

a2.000.741 

45.400,000 

It  will  be  readily  supposed  that  the  water  pumped  up  by  these 
engines  must  be  very  considerable ;  and,  admitting  that  a  large 
proportion  of  it  thus  removed  from  the  lodes  and  the  workings 
generally  in  mines  would  not  naturally  rise  to  the  surface,  that 
the  mining  districts  must  be  deprived  of  numerous  springs  which 
would  otherwise  flow  in  them.  The  following  Table,  extracted 
from  tlie  duty-paper  for  December,  1837,  is  not  only  useful  as 
showing  the  greatest  and  least  quantities  of  water,  in  imperial 
gallons,  discharged  per  minute  from  the  mines  mentioned  in 
1837.  but  also  as  pointing  out  the  months  when  the  greatest 
quantity  of  water  necessary  to  be  pumped  up  prevails  in  them. 
Though  there  are  local  variations  in  the  latter  respect,  as  will  be 
seen,  yet  the  greatest  quantity  of  water  in  the  mines,  as  we  might 
expect,  is  found  after  the  winter-months,  produced  by  the  percola- 
tion of  water  during  that  season  into  them,  and  showing  that  it  is  to 
the  top,  or  surface  water  that  this  variation  of  the  quantity  in  mines 

*  SUtistics  of  the  Copper  Mines  of  Cornwall,  Journal  of  the  Statistical  Socisty, 
June,  1838  (vol.  i.  p.  67). 
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is  chiefly  due,  the  bottom  waters,  or  those  rising  from  beneath, 
being  more  constant  as  to  their  general  suppl}\ 

Table  of  the  greatest  and  least  qiumtitiee  qf  Water^  in  Imperial  Gallons, 
discharged  per  Minute  from  the  Mines  in  1837. 


Hlnet. 

Maximum. 

Mlnimam.                   1 

Wlieal  Unity  Wood     . 

March .     . 

460*59 

November     . 

226-98 

Poldice 

>  9 

695 

87 

9  9 

328-05 

Wheal  Damsel.     .     . 

9  , 

80 

•46 

December 

58  05 

WhealJewel    •     .     . 

February   . 

96 

•13 

Nov.  and  Dec. 

51-13 

Wheal  Toleui  .     .     . 

March.      . 

869 

99 

Doleoath      .... 

»  y 

294 

25 

October  .     . 

180-35 

East  Wheal  Crofty      . 

>l 

213 

98 

99 

120-66 

North  Roskear .     .     • 

)  , 

243 

51 

December 

133-22 

South  Roskear .      .      . 

,, 

156 

06 

October   .     . 

108-80 

TincToft       .... 

9  9 

229 

73 

9  9 

113-19 

Wheal  Seton    .      .     . 

Jfay     .     . 

175 

53 

9  9 

123-50 

Wheal  Treasury     .     . 

March  • 

1001 

91 

»  9 

593-73 

Wheal  Darlington  .      . 

January     . 

1216 

57 

November     . 

717-18 

Marazion  Mines 

/W/rt'«  E. 

March  .     . 

600 

44 

December 

223-53 

Rodney  E. 

June     .     . 

199 

52 

October    .     . 

64-50 

Consols .     .     «     .     . 

February    . 

1657 

18 

November     . 

1284-82 

United  Mines    .     .     • 

March  .     . 

1634 

49 

9  9 

1036-90 

Wheal  Beauchamp      . 

February    . 

359 

78 

October    .     . 

215-55 

Wheal  JuUa     .      .      . 

July     .     . 

429 

•16 

May  .     .     . 

323  06 

Carzise 

June     .     . 

191 

90 

October   .     . 

235-62 

Polgooth     .... 

February    . 

1084 

67 

9  9 

643-74 

Pembroke    .... 

March .     . 

748 

37 

EastCrinnis      .     .     . 

9  9 

1097 

97 

October    .     . 

621-50 

Chiirlestown      .      .     . 

July     .      . 

280 

14 

April .     .     . 

167-84 

Fowey  Consols 

Autterei  E, 

February  . 

4.30 

60 

October   .     . 

290-85 

Sav>ie$  E. 

9  9 

108 

00 

9  9 

66-36 

Roche  Rock      •     .     . 

9  t 

293 

38 

Bryn  Ty«    .... 

East  Wheal  Rose  .     . 

March .     . 

34 
248 

47 
00 

Wheal  Union    .      .      . 

August 

430 

39 

Wheal  Vor.     .     .     . 

March .      . 

1019 

68 

October    .     • 

883-00 

Great  Work      .      .      . 

February    . 

377 

•33 

99 

219-30 

Wheal  Leisure .     .     . 

March .     . 

752 

•00 

December 

558-17 

Great  St  George    .     . 

>  1 

823 

00 

November 

528-22 

Wheal  Prudence    .     . 

9  9 

145 

26 

Nov.  and  Dec. 

123-33 

Wheal  Liberty .     .     . 

9  9 

649 

14 

.September     . 
July    .     .      . 

506-05 

South  Towan 

December  . 

30i 

48 

262-14 

RelUtian      . 

March  .     . 

225' 

68 

October    .     . 

152-17 

Wheal  Virgin 

January     . 

233 

30 

151-87 

Wheal  Leeds 

June     .      . 

228 

60 

October    .     . 

199-56 

Ballaswidden 

February    . 

22 

36 

September     . 

10-16 

Lerant  .     . 

June     .     . 

31' 

24 

January  .     . 

22-90 

Ding  Dong  . 

November . 

87- 

60 

September     . 

22-60 

Providence  . 

March.     . 

139 

08 

November 

96- 13 

Morrah  and  Zennor 

December  . 

139-70 

September     . 

68-31 
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No.  of 

Gallg. 

No.  of 

Galls. 

Engines- 

per  MIn. 

Months.      Engines. 

per  Mln. 

62 

17,143 

Augu»t       .     59 

13,866 

63 

18,915 

September.     59 

13,221 

64 

17,588 

October      .     57 

12,188 

58 

15,605 

November.     57 

12,299 

62 

16,422 

December  .     56 

12,891 

60 

15,152 

60 

14,634 

Total    .     . 

178, 924- 
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Sir  Charles  Lemon  has  formed  the  following  Table  of  the  water 
discharged  by  the  engines  reported  in  the  duty-paper  for  the 
year  1837.  It  has  been  considered  that  the  estimated  quantity 
of  water  raised  by  the  Cornish  engines  is  too  great :  even  admitting 
this  in  a  degree,  still,  when  we  consider  the  quantity  that  must  be 
raised  by  them,  by  the  engines  which  are  not  reported  in  the  duty- 
paper,  both  in  Devon  and  Cornwall,  and  by  the  various  pumping 
water-wheels,  adding  that  which  drains  into  the  adit  levels  with- 
out machinery,  the  collective  amount  of  water  removed  by  mining 
operations  must  be  very  considerable  in  the  district  under  consi- 
deration. 

Water  discharged  in  \S37  by  the  Engines  reported  in  the  Duty  Paper, 

Months. 
January  . 
February 
March 
April .      - 
May   .      . 
June    .       .      OU  1D,ID-^  f»n««fnrtiifi 

July   .     .     60        14,634  Total    .     .  l7^9^^-'^h^^y^^\^^{^. 

By  Second  Duty-Paper,  U  Engines        .     5,758,912  tons. 

Total .     36,900,712  tons. 

To  show  the  present  general  mode  of  working  the  mines  we  must  refer 
to  plates  7,  8,  9, 10,  and  11.  Plate  7  represents  the  plan  of  the  old  and 
long-celehrated  mine  of  Dolcoath.  As  respects  the  levels  on  the  lodes,  the 
ground  is  supposed  to  he  transparent,  though  the  houses,  fields,  roads,  &e4 
are  shown  on  the  surface,  as  in  any  common  plan  or  map.  By  thus  sup- 
posing the  ground  transparent  the  course  of  the  under-ground  levels,  adits, 
&c.,  are  exhibited  in  the  relative  positions  they  occupy  beneath,  as  respects 
the  surface  above,  so  that  a  perpendicular  line  let  fall  from  it  through  the 
ground  would  exactly  cut  the  levels,  adits,  &c.,  represented  beneath  at  their 
various  depths.  If  we  look  at  the  main  lode,  we  find  that  several  lines,  with 
different  numbers  near  them,  run  across  the  plan.  These  lines  represent 
the  levels  driven  upon  the  lode,  and  the  numbers  correspond  with  their 
respective  depths,  beneath  a  given  level ;  and,  if  perpendicular  lines  were  let 
fall  from  this  level  upon  such  lines,  they  would  cut  them  at  the  rarious 
depths  marked,  such  as  60,  70,  80, 100,  or  any  other  number  of  fathoms,  as 
the  case  may  be.  In  this,  as  in  most  Cornish  and  Devon  mines,  the 
depths  of  the  levels  are  reckoned  from  that  of  the  adit,  and  not  from  the 
actual  surface  of  the  country,  which  often  undulates  considerably,  so  that  a 
given  level  may  be  lOU  fathoms  beneath  such  surface  atone  place,  and  only 
50  fathoms  at  another  ;  hence  the  practice  of  reckoning  beneath  a  constant 
well-known  level,  that  to  which  the  water  is  pumped  up,  and  at  which 


Digitized  by  VjOOQIC 


ECONOMIC  GEOLOGY.  557 

occurs  the  gallerr  or  channel  through  vhich  it  is  conducted  into  some  lower 
ground  or  valley. 

It  will  be  observed,  by  the  increase  of  the  numbers  marked  on  the  levels 
to  the  southward,  that  the  dip  or  underlie  of  the  lode  must  be  in  that  direc- 
tion ;  and,  further,  that  lines,  representing  equal  depths,  are  much  closer 
to  each  other  in  some  places  than  in  others,  showing  that  the  lode  ap- 
proaches more  towards  the  perpendicular  in  those  places  than  in  others.  In 
reality,  these  lines  are  far  more  irregular  than  can  be  represented  on  the 
scale  of  this  map.  It  will  be  seen  that,  while  the  engine-shaft  is  inclined 
with  the  dip  or  underlie  of  the  main  lode,  that  the  Grossan-shaft  is  sunk  per- 
pendicularly ;  so  that,  cutting  the  plane  of  the  lode  somewhere  near  the  1 25 
fathom  level,  cross-cuts  are  made  to  communicate  with  it,  at  less  depths 
from  the  north  and  at  greater  depths  from  the  south,  in  order  that  the  ores 
raised  at  those  levels  may  be  brought  to  it  and  lifted  to  the  surface.  Several 
other  cross-cuts  will  be  observed  on  the  plan,  some  of  which  are  merely  for 
the  purpose  of  uniting  the  various  parts  of  the  mine  conveniently  together, 
while  others  act  as  channels  for  draining  the  waters  so  that  they  may  be 
brought  to  the  most  convenient  place  for  pumping.  Cross-cuts  of  this  kind 
will  be  seen  between  North  Entral  lode  and  the  main  lode,  at  the  various 
depths  of  40,  70,  80,  100,  and  120  fathoms ;  and  the  levels  upon  a  southern 
lode,  known  as  the  Gaunter,  will  be  seen  to  cut  across  or  abut  upon  those 
of  the  main  lode,  where  the  two  lodes  meet.  As  the  levels  upon  this  caunter, 
or  contra  lode,  cut  an  elvan  dyke  in  such  a  manner  that  the  deeper  they  are 
the  more  the  elvan  occurs  to  the  northward  in  the  plan,  it  will  be  clear  that 
this  elvan  must  have  a  dip,  or  underlie,  more  or  less  in  that  direction,  the 
caunter  dipping,  or  underlying,  towards  the  true  south,  varying  in  this 
respect  from  the  main  lode  which  underlies  towards  the  present  magnetic 
south. 

This  plan  shows,  therefore,  the  mode  in  which  the  levels  on  the  lodes,  the 
shafts,  the  adits,  and  cross-cuts,  occur,  as  regards  the  surface  of  the  country, 
upon  which  the  area  representing  the  sett,  or  space  allowed  by  the  lords 
to  be  worked,  is  laid  off.  In  the  larger  mines,  the  whole  sett  may  be 
composed  of  grants  from  several  lords  or  proprietors  of  the  land ;  and,  per- 
haps, different  arrangements  may  have  been  made  with  each  as  to  dues, 
according  to  the  pros»pects  of  success  upon  each  lot  of  ground,  or  the  condi- 
tion of  the  mine  at  the  time.  As  each  lord  or  proprietor  takes  perpendicu- 
larly downwards,  from  the  surface-boundary  of  bis  land,  and  a  branch  of 
ore  may  be  cut  partly  in  his  rights  and  partly  in  those  of  another,  the  per- 
pendiculars of  such  surface-boundaries  are  carefully  ascertained  in  the 
under-ground  workings,  and  so  well  is  this  accomplished,  that  disputes  on 
this  point  are  rare.  Unfortunately  good  plans  of  these  workings  are  by  no 
means  so  common  among  the  mines  of  Cornwall  and  Devon,  as  we  might 
expect,  and  as  the  interests  of  the  adventurers  would  seem  to  require.  On 
some  mines,  which  it  would  be  invidious  to  notice,  the  plans  are  exceedingly 
well  executed,  and  mining  draughtsmen  are  appointed,  so  that  the  workings 
are  perfectly  understood,  and  great  facilities  afforded  fior  conducting  new 
operations ;  advantages  which  it  might  be  supposed  were  so  obvious  that  no 
mine  of  fair  importance  would  be  without  its  draughtsman,  combining'liis 
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labours,  when  the  plans  would  not  ailbrd  him  sttffideDt  ooeupatioQ.  with 
some  other  duty  on  the  mine.* 

If  we  suppose  the  south  side  of  the  main  lode  at  Dolooath,  and,  eoose- 
quently,  as  it  underlies  south,  the  upper,  or  hanging,  wall,  lo  be  removed, 
we  should  have  the  section  of  the  workings  represented  in  plate  8,  the  linet 
of  levels  in  which  correspond  with  those  in  the  plan  (plate  7).  It  will 
readily  be  observed  that,  by  this  section,  we  see  many  things  which  could  not 
be  so  well  shown  on  the  plan,  and  others,  which  oould  not  be  represented  at 
all  in  it  In  this  section  of  the  workings  those  portions  which  have  been 
cut  for  galleries  in  the  levels,  the  shafts,  andwhere  bunches  or  aociimul*' 
tions  of  ores  have  been  found,  are  shaded ;  and  those  parts  in  which  the 
rubbish  of  the  workings!  has  been  thrown  baek,  and  so  arranged  that  the 
galleries  or  levels,  and  the  shafts,  should  pass  fireely  through  them,  are 
represented  as  composed  of  broken  fragments.  The  kiUae,  or  slate,  remtins 
white,  while  the  granite  is  dotted.  We  now  see  that  thia  main  kide  cut* 
into  granite  in  its  eastern  prolongation  (a  circumstance  not  shown  in  the 
plan,  where  the  surface-boundary  of  this  rock,  and  of  the  slate,  or  killas,  i« 
alone  represented),  and  a  tabular  piece  of  granite,  forming  a  projecting  man, 
or  vein,  from  that  rock,  at  a  higher  level,  being  cut  by  the  lode,  at  a  short 
distance  from  the  main  mass  of  granite,  appears  as  if  separated  entirely 
from  it  amid  the  slate.  The  bunches  of  ore  will  be  observed  to  have  oecnned 
very  irregularly,  and  the  places  which  they  occupied,  in  a  great  measure, 
will  be  seen  filled  up  by  the  rubbish  or  atile  taken  from  the  non-productive 
workings  of  the  mine.  Levels,  on  the  east,  have  been  driven  into  the  granite, 
and,  on  the  west,  into  the  killas,  for  the  purpose  of  cUseovery,  as  it  is  tenned, 
— ^that  is,  in  search  of  bunches  of  ore— and,  in  both  directions,  the  search 
was  abandoned,  as  it  was  not  considered  advisable  to  incur  further  cost  for 
that  purpose. 

The  lowest  part  of  the  engine-shaft  is  termed  the  sump,  and  it  will  be 
perceived  that  it  forms  the  lowest  part  of  the  mine,  and,  consequently,  if 
the  drainage  is  properly  contrived,  that  all  the  water  can  find  its  way  to  it 
A  mine  which  has  been  abandoned,  and  again  set  to  work,  is  said 
to  be  in  fork,  when  all  the  water  that  accumulated  in  it,  and  which 
it  was  necessary  to  remove,  has  been  pumped  out.  The  proper  diaio- 
age  of  a  mine  requires  constant  attention  and  good  management;  eo 
that  the  new  workings  may  be  as  clear  as  possible  from  water  as 
they  are  advanced.^    The  various  bveaks  or  UfU^  in  the  arrangement  of 

*  Speaking  of  the  mines  in  the  great  mining  district  of  Gvanjiap,  Rediuth,  and 
Camborne,  Mr.  Thomas  remarked,  in  1819,  that  there  were  but  two  or  three  of  then, 
^*  where  regular  plans  and  sections  are  to  be  seen,  as  the  registers  of  the  workings 
appear  in  general  to  be  merely  the  rough  accounts  of  the  measurements,  or  st  best 
detached  Bketches."  (Report  on  a  Survey  of  the  Mining  District  of  Cornwall,  from 
Chacewater  to  Camborne,  p.  7.)  In  this  matter  there  is  certainly  improvement 
within  the  last  twenty  years,  but  it  is  far  from  considerable. 

t  Commonly  known  as  the  deadt  or  aitU, 

X  Mr.  Came  observes  that,  of  late  years,  very  great  improvements  have  taken  place 
in  unwatering  the  mine*.  He  remarks  that,  not  long  previous  to  1824,  from  the 
bad  condition  of  the  adits  and  the  pit- work  connected  with  the  pumps,  and  Che 
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the  pumpfi  down  the  engine-shaft  are  represented,  and  it  will  be  observed 
that  they  terminate  upwards  in  the  deep  adit  through  which  the  water  so 
raised  is  conducted  away  from  the  mine.  A  system  of  ladders  will  be  seen 
in  this  shaft,  up  and  down  which  the  miners  ascend  and  descend  to  the 
various  levels ;  and,  by  other  ladders,  dispersed  through  the  mine  in  con- 
venient situations,  so  that  a  complete  communication  is  kept  up  through 
its  various  parts.  The  ores  were  drawn  to  the  surface  up  four  shafts  by 
the  three  steam-whims  (one  drawing  at  two  shafts),  when  this  plan  was 
made ;  and  it  should  .be  borne  in  mind  that,  as  the  state  of  a  mine  varies 
according  to  circumstances,  so  will  the  position  and  number  of  the  shafts 
employed  for  drawing  ores  at  given  times,  the  facility  of  work,  combined  with 
cost,  being  always  studied.  Many  shafts  exist,  therefore,  in  an  old  mine,  which 
are  not  used  for  drawing  ores  or  pumping,  as  appears  to  have  been  the  case 
with  several  shafts  on  the  main  lode  at  Dolcoath,  including  an  old  pumping- 
shaft.  As  every  shaft  has  its  name  and  every  level  is  known  by  its  depth, 
the  position  of  work  in  any  part  of  a  mine  is  at  once  comprehended  by  all. 

The  various  crossH»urse&  traversing  the  lode  are  marked  and  named ;  and 
though  these,  when  they  heave  the  lode  considerably,  bar  the  progress  of 
the  miner,  or  cause  a  great  increase  in  the  influx  of  water  into  the  mine,  are 
injurious,  at  other  times  they  are  highly  useful  by  keeping  out  the  water 
of  a  neighbouring  mine.  In  the  latter  case  they  are,  in  consequence,  pre- 
served uncut,  as  in  the  mine  before  us,  where  the  great  cross-course  on  the 
east  of  the  lode  is  untouched,  except  at  the  adit-levels,  which  traverse  it. 
This  cross-course  has  cut  through  the  lode,  the  continuation  of  which  is 
worked  in  the  adjoining  mine  of  Cook's  Kitchen,  and  heaved  it,  so  that  a 
Une  prolonged  from  one  would  not  strike  the  other ;  and  it  lately  kept  out 
a  body  of  water  which  had  accumulated  in  the  old  workings  at  Cook's 
Kitchen.  Such  main  cross-courses,  which  frequently  bound  setts,  and  thus 
often  separate  great  mines,  are  carefully  preserved,  so  that  the  failure  of 
one  mine  does  not  cause  its  waters  to  pour  in  and  deluge  the  other  beyond 
the  power  of  its  engines  to  clear  it  In  different  parts  of  the  same  mine  the 
cross-courses  are  occasionally  in  part  preserved,  in  order  to  keep  out  the  water 
from  the  deeper  levels,  when  this  can  be  conveniently  accomplished.  On  the 
west  of  the  section  before  us  the  workings  on  the  west  do  not  reach  a  cross-course 
beneath  the  40-fathom- level,  though,  from  a  shaft  having  been  sunk  upon 
it,  the  workings  which  reach  it  on  the  east  side  are  deeper.  Cross-courses 
are  found  extremely  useful  for  driving  adits  upon,  and,  as  they  generally  cut 
the  lode  at  considerable  angles,  the  work  thus  carried  on  exposes  a  good  sec* 

want  of  good  surface-drainiDg,  much  water,  pumped  up,  again  found  its  way  back 
among  the  workings,  or  escaped  from  the  surface  into  them,  so  that  the  quantity 
of  water  then  drawn  up  many  of  the  deep  mines,  in  consequence  of  proper  atten- 
tion to  these  points,  was  less  than  it  was  at  the  commencement  of  this  century, 
though  the  mines  had  become  deeper.  Mr.  Came,  writing  in  1824,  remarks  that 
the  water  drawn  to  the  adit  in  Huel  Unity  and  in  the  Consolidated  Mines  was  esti- 
mated at  about  three-fifths  of  the  quantity  drawn  under  the  old  system,  and  the 
water  from  Treskirby,  Huel  Chance,  and  North  Downs,  was  not  so  much  as  was 
pumped  formerly  from  the  ktter  mine  alone.— *Tran8.  Geol.  Soc  Cornwall,  vol.  iii. 
p.  67. 


Digitized  by  VjOOQIC 


560  ECONOMIC  GKOLOGY. 

tion  of  the  country^  m  it  is  termed,  or  rocks,  on  both  sides^  and,  conse- 
quently, of  any  lodes  which  may  there  occur. 

It  will  be  observed  that  the  distances  at  which  the  levels  have  been  driren 
from  each  other  are  very  irregular  upon  this  lode,  excepting  in  the  lower 
workings,  beneath  those  of  150  fathoms,  which  have  been  made  more  in 
accordance  with  the  frequent  modern  practice  of  forming  them  ten  fathoms 
from  each  other,  as  will  be  seen  in  plate  9,  representing  the  workings  on 
the  caunter  or  contra  lode,  in  the  same  mine,  where  we  find  complete  regu- 
larity  in  this  respect,  from  the  adit  to  the  90-fathom  level.  The  workings 
beneath  that  level  have  been  driven  for  discovery,  and,  probably,  at  greater 
distances  to  save  expenses.  It  will  be  observed  that,  upon  this  caunter 
or  contra  lode,  which  is  worked  through  Harriett's  lode  up  to  the  main  lode, 
considerable  expense  must  have  been  incurred  in  driving  levels,  both  in  the 
depth  and  towards  the  eastward,  in  search  of  ore,  which  was  unattended 
with  success.  These  heavy  expenses,  on  account  of  discovery,  can  only  be 
profitably  borne  by  mines  of  a  certain  magnitude,  which,  throwing  up  a  fair 
general  amount  of  ores,  can  afford  to  put  aside  a  certain  proportion  of  the 
profits  for  discovery.  Perhaps  Fowey  Consols  may  be  cited  as  the  best 
existing  example  in  the  district  of  the  value  of  a  constant  system  of  working 
for  discovery ;  so  that,  from  having  a  large  amount  of  ground  open,  from 
which  a  great  quantity  of  copper-ores  are  on  the  whole  raised,  expenses  are 
incurred  for  discovery  which  would  be  ruinous  if  this  mine  were  split  up 
into  three  or  four  smaller  adventures ;  fur,  from  time  to  time,  the  search 
being  attended  with  success  in  various  parts  of  the  mine,  as  a  whole,  a  con- 
stant profit  is  kept  up. 

An  idea  may  be  obtained  of  the  different  kinds  of  workinsrs  carried  on 
upon  a  level,  when  driven  for  discovery,  and  when  success  attends  the  labour, 
by  reference  to  the  sketch,  of  part  of  Fowey  Consols,  plate  6,  in  which  the 
gallery,  in  the  distance,  through  which  a  miner  is  proceeding  with  his  light, 
was  driven  for  discovery  upon  an  unprofitable  part  of  the  lode ;  indeed,  on 
one,  where  it  was  torung  up,  or  nipped  in,  from  the  meeting  of  the  walls 
(p.  317),  BO  that  the  level  or  gallery  was  driven  onwards  by  working  out  a 
sufficient  quantity  of  the  country,  or  rock,  on  both  sides.  The  open  space, 
where  the  walls  are  supported  by  junks  of  timber,  is  where,  in  the  pro^rress 
of  driving  the  level  onwards,  the  lode  again  spread  out  and  a  bunch  of  ore 
was  cut,  which  being  cleared  out,  this  cavity  was  left.  The  white  line  on 
the  left  hand  is  a  quartr/)se  branch,  which  quitted  the  lode  in  that  direc- 
tion. Towards  the  eye,  a  few  fathoms  from  the  miner  represented  as  seated, 
the  lode  again  became  small,  but,  the  work  of  discovery  having  been  con- 
tinued, another  bunch  of  ore  was  cut  It  must  be  confessed  that  the  sketch 
(plate  6 )  should  not  be  taken  as  a  general  representation  either  of  the 
height  of  the  galleries  or  of  the  width  of  Lodes  where  ore  is  broken.*  The 
former  necessarily  depends  upon  the  mode  in  which  a  mine  is  worked,  and 
the  expense  which  it  may  be  thought  advisable  to  incur ;  so  that,  in  mines 
which  are  not  very  prosperous,  some  of  these  passages  are  very  low  confined 

*  In  the  sketch  itself,  also,  the  miners  are  represented  too  small  as  respects  the 
gallery  and  open  cavity,  which  therefore  appear  too  large. 
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places.  Generally,  however,  in  the  Cornisb  and  Devon  mines,  there  is 
ample  space  for  all  useful  purposes.  The  open  spaces  whence  ore  has  been 
taken  vary  considerably,  as  must  happen,  according  to  the  breadth  of  the 
lodes^in  those  situations  and  the  amount  of  ore  in  them ;  for  the  lode  may 
be  broad  or  big  enough,  and  yet  not  contain  ore  in  sufficient  quantities  to 
be  worked.  There  can  be  scarcely  any  rule  in  a  variable  thing  like  a  mine- 
ral vein,  or  lode,  as  to  the  breadth  of  the  parts  which  may  be  worth  working, 
for,  though  small,  with  little  ore  in  some  places,  it  may  be  several  feet  across 
in  others,  and  be  there  rich ;  or  it  may  be  thin  and  rich  in  one  place  and 
broad  and  comparatively  poor  in  another ;  so  that  it  may  even  be  ques- 
tionable how  far  it  may  be  advisable  to  take  that  portion  out  at  all. 
These  are  matters  upon  which  the  chief  agents  decide  according  to  their 
skill  and  judgment.  It  is  usual  in  mines,  particularly  those  worked  on 
the  large  scale,  and  for  a  continuance,  not  to  take  out  all  the  ore  which 
could  be  immediately  got  at,  if  thought  necessary,  but  to  leave  it,  here 
and  there,  to  be  worked  as  the  general  prospects  of  the  mine  may 
require,  and  to  which  the  miners  return  if  less  ore  is  raised  generally 
in  the  adventure  than  could  be  wished.  The  ores  thus  left  in  various 
places  are  ofton  termed  the  eye8oii\\e  mine!;  and  when  it  may  be  necessary, 
in  abandoning  the  mine,  or  from  any  pressing  circumstances,  to  remove 
them,  it  is  termed,  picking  out  the  eyes  of  the  mine.  In  some  mines  these 
'*  eyes"  are  very  valuable,  and  much  skill  and  judgment  is  employed  by  the 
captains  in  so  arranging  the  workings  that  a  general  good  supply  of  ores 
may  be  obtained. 

The  transverse  section  across  the  lodes  in  Fowey  Consols  Mine,  plato  1 1, 
will  show  the  mode  in  which  the  workings  on  different  lodes  are  connected 
with  each  other  by  means  of  cross-cuts,  so  that  the  ores  may  be  brought  to 
the  shafts,  not  only  in  the  course  of  the  lodes,  as  represented  in  plates  8  and 
9,  but  at  right  angles  to  their  courses,  as  in  the  section  before  us.  The 
Union  shaft  (G)  cuts  perpendicularly  through  five  lodes,  reckoning  that 
near  the  surface  and  the  branch  from  the  Crosspark  lode  beneath  the  60- 
fathom  level,  and  by  means  of  the  cross-cut  at  that  level  it  communicates 
with  all  the  lodes  which  are  found  at  it  in  the  mines,  namely,  thirteen. 
Another  cross-cut  at  the  22-fathom  level  unites  a  smaller  number  of 
lodes  with  this  shaft  As  the  Union  shaft  cute  perpendicularly  through 
lodes  dipping  north,  it  will  happen  that  cross-cuts  must  be  made  both  on  the 
north  and  south  to  meet  it,  as  will  be  readily  seen,  by  the  section,  has  been 
done.  Sampson's  shaft  affords  an  example  of  one  partly  perpendicular,  so 
as  to  cut  a  lode,  and  partly  sunk  upon  its  dip  or  underlie,  the  perpendicular 
portion  being  sunk  about  38  fathoms  from  the  surface,  or  to  the  1 0-fathom 
level  (beneath  the  adit),  to  meet  the  Crosspark  lode,  upon  the  underlie  of 
which  it  descends  to  the  80-fathom  level.  These  inclined  shafts,  upon  the 
underlie  of  lodes,  are  usually  employed  to  save  the  charge  of  sinking  perpen- 
dicular shafts  in  particular  parts  of  mines,  and  when  the  angle  with  the  ver- 
tical is  not  great,  the  amount  of  wear  and  tear  upon  the  kibbles  carrying  up 
thz  ores,  and  upon  the  chains  by  which  they  are  commonly  suspended  in 
such  shafts,  is  not  so  considerable  as  might  be  supposed. 

In  this  cross-section  (pi.  1 1)  w<^  have  an  example  of  the  more  modern  prac- 

2o 
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tice  of  sinking  a  whim-shaft,  for  raising  the  ores,  elose  to  the  engine>ibaft, 
hoth  hein^  united  at  convenient  distances  hy  short  cross-cuts.  The  eBgine- 
shaft  in  this  case  is  heneath  Austen's  engine,  one  much  celehrated  foe  the 
duty  performed  hy  it*     The  advantages  of  these  double  shafts  tiecona- 

*  As  there  has  been  much  discussion  respecting  the  real  merits  of  this  engiM 
amoDg  mining  engineers,  we  shallquote  the  description  given  of  it  by  Mr.  Wickileed, 
an  engineer  unconnected  with  the  mines,  who  was  sent  by  the  directors  of  theKast 
London  Water-works  into  Cornwall  to  make  inquiries  respecting  the  engines  there 
used  in  the  mines. 

"  The  next  engine  that  I  saw,"  says  Mr.  Wicksteed,  «  was  one  at  the  Fowey 
Consolidated  Mines,  near  St.  Blaxey.  The  cylinder  was  80  inches,  the  pump^tzoke 
9^  feet ;  the  duty  was,  in  August,  equal  to  83,296,000  lbs.,  raised  one  foot  high  with 
an  imperial  bushel  or  84  lbs.  of  coaU  ;  it  connumed  about  a  bushel  or  84  lbs./)f  cosls 
per  hour.  This  is  a  most  splendid  engine,  and  does  greater  '  duty '  than  any  other 
engine  in  Cornwall.  The  construction  of  the  valves  and  other  parts  of  the  en^oe 
is  so  perfect,  that,  although  its  load  was  equal  to  about  51,000  lbs.,  the  hand-gesr 
might  be  worked  by  a  boy  of  ten  years  of  age,  as  far  as  strength  was  required.  1 
worked  it  myself  with  perfect  ease ;  whereas,  although  the  load  upon  one  of  o«r  en- 
gines  of  36  inches  cylinder  is  only  about  12,000  lbs.,  it  requires  not  only  a  strong, 
but  also  a  weighty  man  to  work  it. 

"  The  hand- gear  is  all  bright  work,  and  finished  in  first-rate  style.  The  qou- 
tity  of  bright  work  in  an  engine  of  coarse  depends  upon  the  taste  of  the  pcfsra 
ordering  it,  and  I  certainly  saw  many  Cornish  engines,  of  long^er  standing  than  the 
one  in  question,  that  displayed  very  little  bright  work ;  but  that  it  can  be  executed 
as  well  in  Cornwall  as  in  any  other  county  in  England  must  appear  evident  to  those 
who  have  seen  this  engine,  and  the  founderies  or  engine-manufactories  atHayle-  At 
the  latter  place  I  saw  an  80-inch  cylinder,  12  feet  feet  long,  in  the  boring-machiDe, 
and  could  not  perceive  a  flaw  in  it. 

*'  I  was  very  much  struck  with  the  ease  with  which  the  engine  in  question  ap- 
peared to  work ;  there  was  scarcely  any  noise,  the  greatest  was  that  of  the  steam  in 
its  passage  through  the  expansion-valve.  To  one  who  had  been  used  to  the  noise  of 
the  pumping^ngines  in  London  it  appeared  remarkable. 

'^  The  reason  that  this  engine  does  more  work  than  any  other  in  Cornwall  is,  is 
my  opinion,  owing  chiefly  to  the  construction  of  the  boilers,  which  are  diffierest  t» 
the  generality ;  inasmuch  as  they  have  an  internal  tube,  of  about  21  inches  dis* 
meter,  passing  through  the  main  flue  of  the  boiler,  extending  from  the  back  part  ot 
the  boiler  as  far  as  the  bridge  of  the  fire-place,  dividing  the  flame  as  it  passes  from 
the  fire-place,  and  thus  where  the  heat  is  more  intense  the  surfiice  exposed  to  its 
action  is  greatest  There  is  also  a  tube  of  about  the  same  diameter,  and  36  feet 
long,  around  which  the  flue  from  the  boilers  passes  before  entering  the  chimney:  into 
this  tube  the  feed  is  sent  before  it  passes  into  the  boilers,  and  is  previously  heated 
to  a  temperature  of  180^  by  means  of  the  heat  that  might  otherwise  pass  into  the 
chimney  unused." — Tron$action$  of  the  Inutitutum  of  Civii  Engineers,  vol.i.,  1836. 

It  will  be  seen  (p.  552)  that  the  average  duty  uf  this  engine  for  1836  was  equal  to 
85,650,000 lbs.;  the  next  best  engine  for  duty  being  one  of  80-inch  cylioder, 
at  Wheal  Dariington,  near  Maraxion,  which  was  equal  to  77,040,000  )bt.  The  ave- 
rage duty  of  the  same  engines  (p.  553)  for  the  half-year  ending  June,  1837.  was 
respectively  87,065,000  lbs.  and  7 1 ,259,000  lbs.  The  average  duty  of  Borlase's  en- 
gine at  Wheal  Vor  (80-inch  cylinder)  was  «  74,480,000  lbs.  in  1836,  and  '^ 
74,073,000  lbs,  for  the  last-mentioned  time.     The  average  duty  of  Taylor's  engiue 
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dered  to  be  oongiderable,  and  hence  they  are  coming  into  use  in  some  of  the 
best-worked  mines.  The  water  raised  is  delivered  into  the  adit-level,  run- 
ninfi;  across  the  various  lodes,  and  opening  out  into  an  adjoining  valley.  It 
cuts  through  no  less  than  thirteen  lodes,  from  which  the  water  is  delivered 
into  it  by  the  various  pumping- machinery  of  the  mine,  among  which  we 
must  not  neglect  to  notice  the  water-engines,  in  which  water  supplies  the 
place  of  steam,  worked  above  this  adit-kvel. 

To  sink  shafts  in  deep  mines,  so  as  to  cut  a  lode  at  the  lower 
levels,  is  a  work  of  no  little  skill  and  labour :  it  is  one,  however, 
which  is  in  general  extremely  well  executed  by  the  Cornish 
miners.  To  sink  a  perpendicular  shaft  downwards  to  a  depth 
where  it  is  calculated  the  lode  should  be  cut  may  seem  to  require 
little  skill  further  than  that  necessary  for  correctly  finding  the 
spot  on  the  surface  whence  the  work  is  to  commence.  When, 
however,  they  are  sunk  in  several  pieces,  beneath  each  other,  at 
the  same  time,  each  piece  of  work,  in  order  to  save  time,  being 
commenced  at  different  levels,  it  will  readily  be  admitted  that 
those  engaged  in  this  work  must  employ  no  small  skill,  so  that 
the  different  pieces  of  the  shaft  thus  formed  may  exactly  fit 
when  connected  with  each  other — a  very  small  error  of  measure- 
ment amid  the  various  subterranean  passages  or  levels  beneath 
being  sufficient  to  throw  a  piece  of  work  out  of  its  proper  place. 
There  are  several  instances  recorded  of  work  thus  performed  with 
very  great  precision ;  and  it  will  be  readily  understood  that  the 
power  thus  possessed  of  sinking  a  shaft  in  the  fourth,  sixth,  eighth, 
or  any  other  proportion,  as  the  case  may  be,  of  the  time  which 
would  be  required  to  sink  it  from  the  actual  surface  downwards, 
must  be  of  great  importance  to  mines  to  which  a  somewhat  speedy 
conununieation  of  this  kind,  between  the  surface  and  the  greater 
depths,  may  have  become  necessary. 

To  drive  an  adit  up  a  cross-course,  or  to  meet  a  lode  which 
offers  a  broad  surface,  may  also  be  no  difficulty ;  but  to  drive  from 
one  point  to  another,  through  many  fathoms  of  country,  does  re- 
quire skill,  more  particularly  when  the  work,  in  order  to  save  time, 
commences  at  both  ends,  and  is  intended  to  meet,  and  form  one 
gaUery,  in  the  intermediate  distance. 

(B5-inch  cylinder),  and  of  Davey's  engine  (80-inch  cylinder),  at  the  Consols  Mines 
(Gvennap),  was  respectively  73,1 60,000  Ibi.  and  68,220,000  lbs.,  in  1836,  and 
63,020,000  lbs.  and  7 1,454,000  lbs.  for  the  first  six  months  in  1837.  The  average 
duty  of  the  66-inch  cylinder  engine  at  Polgooth  was,  in  1836  -•  73,200,000  lbs. ;  and 
ibr  the  Utter  period  =  74,615,000  lbs. 

2o2 
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The  system  of  adits  is  one  requiring  much  attention.  The 
great  adit,  as  it  is  termed,  through  which  the  waters  of  numerous 
mines  in  Gwennap  and  near  Redruth  are  discharged,  measures, 
according  to  Mr.  Thomas  (who  has  laid  it  down  in  his  map  of  the 
mining  district  from  Chacewater  to  Camborne),  about  26,000 
fathoms,  or  nearly  30  miles  in  length,  the  various  branches  being 
included.  "  The  greatest  length  to  which  any  branch  appears  to 
have  been  extended  from  the  adit-mouth  is  at  Cardrew  Mine, 
measuring  about  4800  fathoms,  nearly  5^  miles.  The  highest 
ground  it  has  penetrated  is  at  Wheal  Hope,  where  the  adit  is 
70  fathoms  deep,  at  Chilcot*s  shaft,  and  is  deeper  in  the  branches 
extending  from  thence.'**  This  adit  is  39  feet  above  the  level  of 
the  sea  at  high-water  in  Restronget  creek,  into  which  the  waters 
discharged  from  it  flow,  its  mouth  being  near  NangQes,  in  a  valley 
communicating  with  the  creek. f 

As  the  greater  number  of  mines  in  Cornwall  have  from  time  to 
time  been  enlarged,  or  the  works  carried  on  in  diflTerent  parts  of 
the  lodes,  as  circumstances  arose,  diere  are  few  regularly-planned 
surface- works.  Those  on  Fowey  Consols  Mines,  represented  in 
plate  10,  are  the  most  concentrated  of  any  with  which  we  are 
acquainted.  The  lodes  which  run  across  this  part  of  the  mine  are 
there  shown  occurring  beneath  the  surface-works,  the  relative 
positions  of  which  will  be  best  understood  by  reference  to  the  plan 
itself.  It  will  be  observed  that  there  is  a  very  complete  system 
of  rail  or  tram  roads,  by  which  the  ores  are  conveyed  from  the 

*  *  Report  on  a  Survey  of  the  Mining  Diahict  of  ComwaU,  from  Chacewater  t» 
Camborne  (1819),  p.  29.  This  Report,  accompanying  two  sections  and  a  map,  cos- 
tains  very  valuable  information  respecting  the  condition  of  ninety-three  mines  at 
that  time,  some  unworked,  many  in  full  work.  It  is  not  a  little  curious  to  oliserae 
the  different  state  of  many  of  them  after  the  lapse  of  only  eighteen  or  nineteen 
years,  some  being  abandoned  which  were  then  considered  good  mines,  while  oChen 
have  increased  in  value,  and  some  have  remained  much  in  the  same  state. 

t  The  variable  heights  of  other  adits  in  the  same  district  wiU  be  seen  by  the 
following  table,  by  Mr.  Thomas,  of  those  of  other  adit-mouths  above  the  '■ 
level:— 

Cam  Marth  Cove  Water-shoot     .         .    413  feet 


Adit  at  Laity  Mill     . 
New  Wheal  Virgin  Adit 
Pedden  Andrea 
Tresaveau 
Wheal  Harmony 
Wheal  Mazy     . 
Wheal  Sparnon 


52 
374 
287 
208 
171 

81 
315 
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shafts,  where  they  are  raised,  to  the  dressing-floors.  Independ- 
ently of  the  steam-engines  and  water-wheels  for  pumping  water 
and  raising  ores  which  occur  in  this  part  of  the  mine,  we  find  a 
Tariety  of  buildings  and  arrangements,  the  use  of  which  will  be 
better  understood  when  the  mode  of  treating  the  ores,  after  they 
have  been  brought  to  the  surface,  is  noticed.  We  may  however 
observe  that  the  water-power  possessed  by  this  mine,  situated 
as  it  is  upon  a  hill,  is  a  very  unusual  circumstance  in  Cornish 
mines  of  magnitude,  and  is  due  to  the  foresight  and  perseverance 
of  Mr.  Austen  Treffry,*  who  obtained  it  at  much  labour  and 
cost 

With  respect  to  the  persons  employed  in  the  mines,  much  depends  on  the 
relative  magnitude  of  the  latter.     While  on  the  smaller  adventures  one,  or, 
at  most,  two  captains  or  agents,  with  a  few  miners  and  surface-people,  will 
suffice,  in  the  larger  mines  there  is  an  establishment  of  clerks,  several  cap- 
tains or  agents,  and  a  large  amount  of  miners  and  labourers.    When  the 
sett  of  a  mine  is  taken,  and  the  necessary  arrangements  made  with  the  lord  or 
lords  of  the  land,  as  the  case  may  be,  certain  shares  are  created,  which  are  very  I 
variable  in  number  in  different  mines,  and  the  persons  taking  these  shares  J 
are  termed  the  adventurers.    In  the  older  adventures  the  shares  were  com- 
monly either  64  or  128  in  number  in  each  mine,  but  of  late  years  the  shares 
have  materially  varied  in  this  respect    In  the  great  Consols  Mines  the  shares 
amount  to  100,  and  the  old  number  seems  seldom  employed  in  the  more 
modem  adventures.    Within  the  last  three  or  four  years  the  scrip  system  i 
has  been  introduced  among  the  mines  of  the  district,  and  the  number  ofl 
shares  has  amounted  to  1 0,000  or  more  in  the  scrip  mines.    The  shares  are 
of  coarse  bought  and  sold,  and  necessarily  vary  much  in  value,  according  to 
the  mines,  the  number  of  shares  in  them,  and  their  prosperity  at  the  time. 
Thus,  while  a  share  in  the  Great  Consols  may  be  worth  from  1200/.  to  1500/., 
one  in  the  minor  and  scrip  mines  may  not  be  above  1/.,  and  may  be  even 
less. 

The  adventurers  in  the  one  case,  or  the  directors  of  the  scrip  companies  in 
the  other,  having  arranged  with  the  lords,  and  obtained  the  sett  or  grant  of 
a  lease  for  working  under  stipulated  conditions,  they  adopt  such  a  mode  of/ 
management  as  they  may  consider  most  proper;  and  hence,  as  Mr.  John 
Taylor  observes,  there  is  rather  a  general  coincidence  than  an  absolute  uni- 
formity of  practice.!    The  practical  direction  of  the  works  is  confided  to  t 
agents,  named  captains,  who  are  generally  selected  from  the  most  intelli-  | 
gent  workmen.  In  the  larger  mines  their  duties  are  divided.  A  '*  captain  of 
the  greatest  experience  usually  governs  the  rest,  and  in  conjunction  with, 
and  under  the  advice  of,  one  of  the  partners,  or  some  person  appointed 
the  principal  manager,  attends  to  all  the  business  of  the  concern  ;  while  the 
departments  of  account,  of  the  construction  and  care  of  engines,  of  the  pur- 

*  The  chief  and  g^reat  adventurer  in  these  mines, 
f  English's  Mining  Review,  December,  1837,  p.  265. 
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chases  of  the  various  articles  used,  of  the  ore-dressing,  &c.,  are  saperin- 
tended  by  persons  appointed  by  the  manager  and  principal  captain.  Upon 
them,  indeed,  is  thrown  generally  the  great  weight  of  responsibility,  and, 
therefbre,  the  appointment  of  their  subordinate  agents.'**  The  captains, 
under  the  chief,  have  different  duties  assigned  them— those  employed  un- 
derground see  that  the  work  is  there  conducted  properly ;  while  the  graU' 
captodiUt  as  they  are  usually  termed,  superintend  the  work  on  the  surfiMe, 
such  as  the  dressing  of  ore,  &c.,  which  is  done  in  the  bal^  or  upper  parked  the 
mine.  Engineers  are  also  appointed,  and  to  them  is  confided  the  cave  of 
the  various  engines  and  machinery. 

In  the  generality  of  mines  the  purter  is  the  chief  officer,  keeping  all  the  | 
Accounts,  and  receiving  and  paying  all  money.    As  in  Pryce's  time,  he  is  / 
usually  one  of  the  adventurers,  and  chosen  by  the  rest,  presenting  an  sc- 1 
count  of  the  general  state  of  the  affairs  at  the  mine  at  their  meetings,  at 
intervals  of  one  or  two  months,  as  the  case  may  be,  when  the  accounts  are 
examined.    Having  been  frequently  present  at  these  meetings  of  advenlor- 
ers,  we  must  say  that  nothing  can  be  more  fair  and  open  than  the  state- 
ments there  made :  whether  the  affitirs  of  the  mine  be  prosperous  or  not,  we  | 
never  found  any  concealment  of  the  circumstances  from  the  strangers  pre- 1 
sent ;  and  it  rarely  happens  that  such  are  not  present,  for  Cornishmen  still  keep 
up  fully  their  old  renown  for  hospitality.    At  these  meetings  the  best  modes  J 
of  working  the  mine  are  considered,  each  adventurer  voting  according  to  / 
the  number  of  shares  he  may  possess— the  greater  number  of  shares  carry- 
ing the  decision,  whatever  it  may  happen  to  be.     This  mode  of  conducting 
mines  refers  to  those  in  which  the  shares  are  few,  and  the  large  proper 
tion  of  the  adventurers  could  readily  assemble  if  occasion  should  require. 
With  respect  to  the  mode  in  which  the  scrip  companies  conduct  their  busi-  \ 
ness  we  are  less  acquainted  :  the  shareholders  being  numerous,  they  must  I 
necessarily  appoint  directors,  under  whom  the  management  is  arranged. 
These  directors,  being  for  the  most  part  non-resident  in  the  mining  districti, 
appoint  some  person  as  purser,  or  chief  manager,  who  reports  to  the  di- 
rectors.   The  affairs,  therefore,  of  such  companies  are  made  known  only 
through  the  directors  to  the  holders  of  scrip  shares  generally,  at  any  meet- 
ings which  may  be  appointed  in  London,  or  elsewhere,  according  to  the 
place  where  the  scrip  company  may  have  been  formed. 

The  captains  are>  as  a  whole^  a  very  valuable  body  of  men, 
possessed  of  a  large  amount  of  practical  knovrledge,  and  one  on 
whom  the  adventurers,  as  the  captains  deserve,  place  great  reli- 1 
ance.  To  them  the  Survey  has  been  under  great  obligations,  and 
we  are  anxious  to  take  this  opportunity  of  acknowledging  the  very 
able  and  kind  assistance  they  have  at  all  times,  without  one  single 
exception,  afforded  us  in  tracing  out  the  lodes  on  the  surface,  for 
the  purpose  of  entering  them  correctly  on  the  Ordnance  geological 
maps.     We  have  to  thank  them,  also,  for  the  prompt  manner  in 

*  Taylor,  £nglish'i  Mining  IUview>  December,  1S37,  p.  965. 
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which  they  have  answered  all  questions  which  bore  upon  facts 
connected  with  the  geological  phenomena  exhibited  in  the  mines 
under  their  superintendence. 

The  persons  performing  the  work  under  the  captains  in  the  various  parts 
of  mines  may,  as  a  whole,  be  divided  into  iributers,  tuttporkmen,  and  labour- 
en^  though  it  by  no  means  follows  that  these  divisions  are  applicable  to  all 
mines,  for  where  these  are  small,  or  the  prospects  not  good,  it  is  often  dif- 
ficult to  obtain  tributers.  In  a  mine,  however,  with  fair  prospects,  they 
commonly  exist,  and  consist  of  men  who  agree  to  work  a  portion  of  a  lode 
ibr  a  given  time  in  the  best  manner  they  can,  receiving  as  remuneration  a 
certain  portion  of  the  value  of  the  ores  raised,  as  may  be  agreed  upon.  This 
portion  necessarily  varies  according  to  the  value  of  the  part  of  the  lode  which 
it  is  considered  will  be  worked  in  the  given  time,  usually  one  or  two  months. 
Thus,  if  the  tode  be  rich,  and  there  be  a  fair  prospect  of  its  continuing  so.  a 
smaller  portion  of  the  value  of  the  total  quantity  of  the  ores  raised  by  the 
miners,  taking  the  pitch  or  lode  to  be  worked  in  the  given  time,  is  agreed 
upon,  than  when  the  lode  is  somewhat  poor,  and  may,  from  all  appearances, 
continue  so.  The  mode  in  which  the  agreement  is  made  is  very  fair.  Upon 
the  setting-days,  as  these  agreement-days  are  termed,  the  miners  assemble 
before  the  counting-houses,  where  the  captains  are  also  collected  together. 
The  captains,  having  previously  examined  the  various  parts  of  the  mine, 
have,  to  the  best  of  their  judgment,  determined  the  value  of  the  different 
pitches  to  be  set,  that  is,  having  carefully  examined  the  appearances  at  the 
time  they  have  determined  what  they  consider  fair  terms  upon  which 
the  various  pitches  should  be  granted.  The  men,  on  the  other  hand, 
have  also  come  to  an  estimate  of  the  terms  upon  which  they  shall  offer  to 
execute  the  work,  taking  all  the  usual  chances.  The  chief  captain  now  puts  i 
tip  the  various  pitches  to  auction,  the  biddings  being  downwards.  The  captain, 
theiefere,  generally  names  a  price  above  that  which  should  be  given,  and  the 
miners  bid  downwards  against  each  other,  if  they  please,  until  the  fair  price 
is  agreed  upon,  which  is  generally  nearly  understood  beforehand,  as  all  par- 
ties are  fairly  aware  of  what  it  ought  to  be.  It  may  happen,  indeed,  that 
the  miners  at  work  on  the  spot,  immediately  previous  to  the  setting-day,  have 
discovered  appearances  which  lead  them  to  think  that  they  may  take  the 
pitch  on  apparently  low  terms,  so  that  they  may  gain  largely  by  breaking  an 
amount  of  ores  which  the  captains  may  not  consider  probable ;  but  this  ap- 
pears to  occur  very  rarely.  The  pitches  are  commonly  taken  by  a  number  of 
men  proportioned  to  the  work  to  be  executed,  but,  though  they  often  vary 
from  two  to  twelve,  it  is  usually  contrived  that  there  should  at  least  be  two  for  1 
each  spell,  or  core,  of  eight  hours,  the  usual  division  of  the  spells.*    This  \ 

*  Mr.  Carne,  writing  in  1824,  observed  that  it  was  then  only  within  a  few  years 
that  the  spells,  or  cores,  had  been  extended  from  six  to  eight  houra — a  change  due, 
he  cunaidered,  to  the  improved  ventilation  and  size  of  the  levels  which  had  been 
eflfeded,  so  that  the  miners  could  work  the  eight  hours  instead  of  six  with  equal  ease 
and  can  for  their  health. — ^Trans.  Geol.  8oc.  Cornwall,  vol.  iii.  p.  64. 
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partnership  is  generally  termed  a  patr  of  men,  whatever  the  number  may  ) 
be,  and  one  commonly  acts  as  bidder,  at  the  setting-days,  for  the  rest.  i 

By  obtaining  a  certain  sum  in  the  pound  for  the  ores  when  sold,  the  tri- 
buters  are  necessarily  interested  in  sending  up  as  much  ore  to  the  sur&ce 
as  they  can  accomplish  during  their  occupations  of  the  various  pitches  in  a 
mine,  and  hence  their  interests  become  those  of  the  mine  generally.  If  a 
pitch  should  turn  out  better  than  was  expected,  they  may  make  large  sums 
of  money,  as  has  often  been  done ;  but,  should  it  become  poorer,  they  wifhr 
loss  in  proportion.  From  the  arrangements  usually  made  in  a  mine,  the 
produce  of  each  pitch  is  well  separated ;  and,  as  disputes  are  seldom  heard 
between  the  tributers  and  the  adventurers  respecting  the  proper  shares  of 
money  to  be  apportioned  to  each,  it  may  be  fairly  concluded  that,  from  good 
management  on  one  side,  and  the  intelligence  of  the  tributers  on  the  other, 
even  this  part  of  the  system  works  welL  The  tributers  pay  for  their  coals, 
candles,  and  gunpowder,  at  certain  rates ;  for  the  use  of  the  machinery  by  ^ 
which  the  ore  is  raised  to  the  surface ;  and  the  wages  of  those  who  wash  and  | 
prepare  the  ores  for  sale.* 

It  is  diflScult  to  ascertain  the  exact  time  at  which  this  system 
of  working  on  tribute  was  introduced.  It  was  in  force  when  Jars 
travelled  in  Cornwall,  in  1765 ;  the  period,  however,  for  which  the  | 
pitclies  were  then  taken  was  four  months  instead  of  one  or  two,  | 
as  at  present.  He  describes  the  extent  of  a  pitch  as  being  com- 
monly from  15  to  24  fathoms,  the  tributers  finding  the  necessary 
tools,  candles,  and  powder,  and  paying  the  charges  of  preparing 
the  ore  for  sale ;  the  adventurers  only  taking  upon  themselves  the 
charge  of  the  machinery,  ropes,  &c.,  for  bringing  it  to  the  sur- 
face. The  modes  of  setting  the  pitches  was  then,  as  now,  by 
bidding  downwards,  f 

Pryoe  mentions  that  it  was  sometimes  the  practice  in  his  time  to  let  out 
whole  mines  on  tribute ;  one,  we  believe,  which  has  been  altogether  discon- 
tinued, except  occasionally  in  the  smaller  adventures.  Some  able  miner 
took  the  mine  on  tribute  for  half  a  year,  a  whole  year,  or  even  for  seven 

*  Mr.  John  Taylor  has  well  observed,  on  the  working  of  this  system,  that "  the 
mine-owners,  having,  by  their  capital  and  the  skill  of  their  agents,  discovered  the  ore, 
formed  approaches  to  it,  drained  off  the  water,  and  ventilated  the  places  for  work- 
ing, admit  co-adventurers  for  a  time,  whose  interest  it  is,  not  only  to  search  out 
every  piece  of  ore  that  can  be  profitably  worked,  but  so  to  detach  it  from  the  matter 
with  which  it  is  mixed,  as  to  incur  the  least  possible  expense  in  afler-piocesses. 
The  payments  they  make,"  he  continues,  *'  cause  them  to  look  with  a  jealous  eye  on 
all  cost  incurred  by  others  through  whose  hands  the  ores  may  pass,  and  thus  to 
tend  to  a  general  economy,  and  perhaps,  above  all,  discoveries  are  much  extended  by 
speculation  among  the  men,  who  risk  their  labour  only  while  they  bring  into  play 

the  judgment  which  the  habit  of  constant  observation  enables  them  to  form.^ 

English's  Mining  Review,  for  Dec,  1837,  p.  268. 

t  Voyages  M^tallurgiques,  tom.  iii.  p.  202. 
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yeara»  as  he  mentions  was  the  case  at  BuUen  Garden,  and  the  means  of 
that  mine's  discovery.  In  a  tin-mine  he  first  paid  the  lord's  and  bounder's 
dues  (if  it  were  bounded),  in  ore,  free  of  all  cost,  ready  for  the  stamping- 
mill  ;  of  the  remainder  he  paid  the  adventurers  one-half,  or  one-quarter,  as 
may  have  been  agreed  upon  according  to  the  supposed  prospects  of  the 
mine  at  the  time  of  setting.*  In  a  copper-mine  the  tributer  was  at  the 
charge  of  breaking,  raising,  and  rendering  the  ore  merchantable,  and 
the  proceeds  of  the  sales  were  paid  over  to  the  adventurers,  who,  after  set- 
tling the  lord's  dues,  divided  the  remainder  between  themselves  and  the 
tributer,  according  to  the  agreement  between  them.  The  tributer  was  bound 
to  keep  the  mine  in  good  order  and  properly  timbered,  to  work  it  fairly,  and 
not  so  as  to  encumber  the  adventurers,  upon  their  re-entrance  into  posses- 
sion, by  leaving  the  barren  parts,  or  deads,  which  they  would  have  to  remove. 
To  ensure  this  fair  working,  the  adventurers  reserved  the  right  for  them- 
selves or  their  agents  to  go  down  into  the  mine  at  will,  to  see  that  the  terms 
of  the  agreement  were  fulfilled.t 

Tatworkmen  are  those  who  execute  work  by  the  piece,  generally  calcu-  j 
lated  by  the  fathom.    In  this  manner  shafts  are  sunk,  adits  driven,  and 
the  labour  usually  performed  in  those  parts  of  the  mines  which  do  not  pro- 
duce ores,  executed.    Tutwork  is  also  employed  upon  the  lode  itself,  though, 
from  the  advantages  generally  considered  to  arise  from  the  tribute  system, 
the  latter  is  commonly  employed  as  much  as  possible  in  mines  at  full  work. 
The  day-labourers  are  generally  employed  on  the  surface  in  dressing  ores  j 
and  occupations  of  the  like  kind,  though  in  some  mines  day-labour  is  also/ 
used  under  ground.     A  large  proportion  of  the  surface-labourers  consists  of) 
women  and  girls.    The  gains  of  the  tributers  of  necessity,  as  we  have  seen, 
yary  considerably.     Mr.   John  Taylor  stated,  in  1837,  that  the  lowest 
average  among  the  tributers  of  the  Consolidated  Mines  per  month,  for  one 
year,  was  3/.  7«.,  and  the  highest  4l,  I2s,l    Sir  Charles  Lemon  has  pub- 
lished the  following  table,  as  showing  the  rate  of  wages  per  month,  in  1837, 
near  Penzance,  Redruth,  and  St.  Austell,  remarking  that,  in  places  distant 
from  each  other  only  a  few  miles,  this  rate  sometimes  differs  largely  and  for 
long  periods.^ 


Bate 

of  Wages 

per  Month  in  1837. 

West  of 
Pensanoa. 

Midliind 
Diitrict. 

St  AntteU 

DtBtrict* 

&c. 

Averafe. 

Tributers  

Tut  workmen 

Day-labourers 

f.       d. 

47      6 
45      0 
42      0 

M.         d. 

68      0 
57      2 
41       0 

*.       d, 
59       0 
59       0 
45      0 

f.      d. 

58     2  1  ..  d. 
53     8   }51  6 
42    8  J 

I 


The  numbers  of  each  class  are  nearly  equal. 

*  Biineralogia  Cornubiensis,  p.  187.  f  lb,  p.  188. 

X  Mining  Review,  December  1837,  p.  267. 
§  Journal  of  the  Statistical  Society,  June  1838,  vol.  i.  p.  73. 
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I     The  comforts  of  those  employed  in  the  mines  has  of  late  received 
far  more  attention  than  formerly,  and  it  is  rare  now  to  find  those 
places  where  the  women  and  girls  pound  or  pick  the  ores  on  the 
surface  undefended  from  the  weather.     Not  only  are  there  bar- 
racks in  which  the  miners  change  the  clothes  in  which  they  have 
laboured  under  ground,  but,  in  the  better  managed  mines,  there 
are  also  others  where  they  may  dry  those  which  have  become 
wet  during  their   work.    (See  plan  of    Fowey  Consols  Mines, 
plate  10.)     The  miners,   are  liable,  from  their  occupations,  to 
many  accidents  and  diseases,  and  it  is  therefore  usual  for  medical 
attendance  to  be  provided  for  them  and  their  families  out  of  a 
fund  raised. by  small  monthly  contributions  among  the  miners, 
under  the  superintendence  of  the  chief  agents.     In  the  deep  mines 
they  suffer  much  from  climbing  the  ladders*  to  the  surface,  after 
they  have  completed  their  labour  beneath,  as  also  from  the  great , 
changes  of  temperature  they  experience  in  the  winter,  when,  after  i 
working  several  hours  under  ground,  in  a  temperature  from  70** 
to  90°,f    they  walk  various   distances    to  their  homes  in  the 
cold. 

Treating  of  the  diseases  to  which  the  Cornish  miners  are  subject,  Mir. 
Lanyon  shows  the  mischievous  effects  of  climbing  the  ladders  upon  the 
heart  and  lungs,  and  those  of  '*  beating  the  borer,"  more  particularly  vhenthis 
is  done,  as  it  frequently  is,  in  bad  or  poor  air.  Though  the  mines  of  the 
district  may  now  generally  be  considered  as  well  ventilated,^  many  parts  of 
them  must  necessarily  be  filled  with  noxious  gases,  particularly  when  the 
men  are  driving  in  places  where  the  general  ventilation  is  still  imperfect,  as 
often  happens  in  those  places  where  the  ore  or  rock  is  broken  by  blasting 
with  gunpowder.    Mr.  Lanyon  gives  the  following  table  of  the  average  ag^ 

*  It  is  the  duty  of  persons  appointed  for  the  purpose  to  attend  to  the  condidon 
of  the  ladders,  and  see  that  they  are  safe.  The  attention  paid  to  the  ladders  in  dif- 
ferent mines  varies  materially,  hut  it  is  considered  that  they  are  generally  far  better 
kept  than  formerly. 

t  Mr.  Lanyon  states  (Essay  on  the  Diseases  of  (Cornish)  Miners,  Report  of 
the  Royal  Polytechnic  Society  of  Cornwall  for  1837,  p.  56)  that  he  has  under- 
stood that,  from  perspiration  in  the  bottom  parts  of  mines,  the  loss  of  weight  of  ft 
man  frequently  amounts  to  Slbs.  or  4Ib8.,  and  often,  he  was  informed,  to  as  mach 
as  51bs.,  61bs.  or  7ibe.,  in  a  single  **  core"  or  spell. 

I  Formerly,  it  appears,  the  ventilation  was  so  ill-contrived,  that  shafts  were 
obliged  to  be  sunk  about  thirty  fathoms  from  each  other;  now,  however,  ih$ouaers 
can  work  100  fathoms  from  the  shafl  without  inconvenience.  Mr.  Carne  attributet 
this  change  chiefly  to  a  contrivance  by  which  a  stream  of  water  is  passed  into  one 
of  the  shafts,  and,  by  placing  an  air-pipe  close  to  the  discharge  of  the  water,  the 
air  which  accompanies  the  current  is  carried  to  the  extreme  point  of  the  leYeL— 
Trans.  Geol.  Soc.  Cumwall,  vol.  iii.  p.  64. 
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IcofMeo 
Ineich. 

AvmaRe  No.  of  Ymt*  of 
Working  and«r  Ground. 

118 

30  yn 

.  5  mos. 

14yr«, 

10  mot. 

200 

30 

3 

14 

10 

240 

31 

7 

16 

10 

112 

31 

3 

16 

3 

253 

30 

6 

15 

4 

50 

30 

1 

15 

11 

128 

32 

6 

19 
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of  1 10  i  miners,  working  under  ground,  as  men,  and  paid  as  such,  in  seven 
Cornish  mines,  in  1837. 

MinM. 

1 
2 
3 
4 
5 
6 
7 

1101 

"  The  aggregate  of  the  years  of  all  these  miners,"  ohserres  Mr.  Lanyon, 
''amounts  to  34,152,  which  gives  31  years  for  each  individual;  and  the 
numher  of  years  in  which  they  have  been  engaged  under  ground  is  1 7,812, 
ftirnishing  an  average  of  16  years  2  months  for  each."  Of  the  total  number 
he  found — 

532  of  30  and  lets  than  40  yean.  34  of  55  and  less  than  60  years. 

263      40  45  14       60  70 

157       45  50  1       70,andaboTe. 

78       50  55 

Mr.  Lanyon  found  great  difficulty  in  obtaining  any  number  of  labourers, 
in  the  same  mining  district,  who  could  be  termed  true  agricultural 
labourers,  and  who  had  not,  in  some  way  or  other,  been  connected  with  the 
mines.  Of  174  persons  whom  he  did  so  find,  the  average  age  was  47  years, 
32  of  which  they  had  spent  in  their  respective  occupations.*  Although  the 
number  of  agricultural  labourers  may  be  too  few  for  the  purpose  of  exact 
comparison  with  the  mines  above  noticed,  still  it  is  sufficient  to  show  a  very 
great  difference  in  the  average  longevity  of  the  miner  and  agricultural  labourer, 
in  favour  of  the  latter.f 

The  importance  of  constructing  machinery,  by  means  of  which 

•  Report  of  the  Royal  Polytechnic  Society  of  Comvall  for  1837,  p.  58. 
t  Mr.  Lanyon  is  careful  {ib.  p.  59)  that  it  should  be  understood  that  his  average 
csHmattf  of  the  longevity  of  Cornish  miners  is  of  thosa  in  the  daily  habit  of  work- 
ing under  ground,  and  not  that  which  a  register  of  deaths  would  furnish.  *"  In  the 
Utier,**  he  observes,  **  the  longevity  would  be  found  greater  in  consequence  of  the 
diseases  of  the  miners  being  of  a  character  which  generally  incapacitates  them  from 
going  under  ground,  and  yet  protracts  their  lives  frequently  for  many  years  afterj 
which  are  not  unfrequeutly  spent  in  great  suffering,  and  in  a  state  of  inability  to 
perform  any  labour."  With  regard  to  the  kind  and  proportional  amount  of  dis- 
eases to  which  the  Cornish  miners  are  subject^  Mr.  Lanyon  found  that,  out  of  270 
pemns.  whom  he  personally  examined,  without  selection,  further  than  that  they 
had  all  at  least  worked  ten  years  under  ground,  85  persons  had  oough,  dyspnoea, 
or  palpitation,  or  all  (72  of  theve  being  30  years  of  age  or  above,  and  only  13  below)  ; 
70  were  subject  to  dyspepsia,  28  to  chronic  rheumatism,  and  31  to  other  affections. 
Only  32  of  the  270  had  ever  had  haemoptysis. 
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the  labour  of  climbing  the  ladders  may  be  avoided,  has  lately  en- 
gaged much  attention  in  Cornwall,  chiefly  through  the  exertions 
of  the  Polytechnic  Society  *  established  in  that  county,  by  which 
premiums  have  been  offered  during  the  last  four  or  five  years  for  ' 
the  best  available  method  of  facilitating  the  descent  and  ascent  of 
miners.  A  sum,  amounting  to  480/.,  was  this  year  (1838)  sub- 
scribed among  the  members  of  the  society  for  promoting  the 
application  of  machinery  to  this  purpose ;  and  a  description  has 
been  published  by  them  of  the  mode  adopted,  and  which  has 
been  found  successful,  in  the  deep  mines  of  the  Harz.f 

From  the  facility  of  placing  steam-engines  wherever  a  proper 
supply  of  water  can  be  obtained  for  them,  which  is  seldom  difficult 
in  mines  generally,  the  ores  are  very  commonly  raised  to  the  sur- 
face in  adventures  of  the  larger  class  by  steam -whims,  as  they  are  \ 
termed,  and  these  are  often  so  contrived  as  to  draw  from  two  ' 
shafts,  and  occasionally  from  three  (pi.  10).  The  duty  of  many 
of  the  engines  in  the  steam-whims  is  reported  monthly,  with 
that  of  the  pumping-engines ;  and  we  find  that  the  average 
weight  of  the  kibbles  raised  by  them  varies  considerably.  Thus, 
in  the  beginning  of  1837,  the  average  weight  of  the  kibble  raised 
by  a  steam-whim  at  the  Charlestown  United  Mines  was  estimated 
at  1120  lbs.,  of  that  raised  by  Edgcumbe's  engine  at  Pembroke 
Mine  at  960  lbs.,  and  of  that  lifted  by  Woolf 's  engine  at  the  Con- 
solidated Mines  at  571  lbs.  These  steam-whims  necessarily 
afford  great  advantages  in  working  a  mine  where  water  is  scarce, 
and  horse-whims  would  be  insuflScient.J  Water-whims,  there- 
fore, are  seldom  employed  in  western  Cornwall.     On  the  east  of 

*  A  Tory  Talaable  institution,  which  has  already  tended  considerably  to  promote 
Cornivh  science  and  art  by  its  exhibitions,  premiums,  medals,  and  prixes,  though  it 
has  not  been  established  more  than  six  or  seven  years.  It  holds  its  annnal  exhiU* 
tion  and  meetings  at  Falmouth,  in  a  large  hall  built  expressly  for  the  purpose. 

f  Documents  to  illustrate  this  mode  were  furnished  by  the  Minister  of  Finanee  in 
Hanover  tu  Mr.  Alfred  Fox,  Hanoverian  Consul  at  Falmouth,  from  which  Mr.  TVe- 
gelles,  civil  engineer,  has  prepared  drawings  and  estimates.  By  these  it  would 
appear  that  the  cost  of  machinery  for  descending  and  ascending  mines  200  Hitboois 
in  depth,  would  be  2365/.,  and  that  the  general  charges,  at  the  rate  of  20f.  per  day» 
wear  and  tear  of  machinery  for  240  men,  and  the  cokt  of  coal  for  the  steam-engines 
for  descending  and  ascending  once,  would  only  amount  to  Hd,  each  man,  so  that  we 
may  hope  that  this  or  some  other  equally  effective  plan  may  soon  form  as  much  a 
part  of  necessary  mining  expenses  as  the  machinery  that  pumps  the  water. 

I  Mr.  Carne  estimates  the  difference  in  the  expense  of  steam  and  hone-whims  for 
drawing  ores  at  50  per  cent,  in  favour  of  the  former.— IVans.  Geol.  SocConnrall 
voLiilp.  61. 
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the  district,  however,  where  water  may  be  more  conveniently  ob- 
tained, they  are  frequently  used.  There  are  three  water-whims 
at  Fowey  Consols,  collectively  estimated  at  86-horse  power ;  and 
one  of  very  large  size  at  Wheal  Friendship,  near  Tavistock. 
.  Inclined  planes  for  raising  ores  are  very  rare,  circumstances 
\  being  seldom  such  that  they  can  be  employed  with  advantage. 
There  was  one  some  years  since  at  Wheal  Crebor,  near  Tavistock ; 
and  there  is  another  now  at  work  at  Wheal  Friendship,  near  the 
same  place.  Horse-whims  are  still  very  commonly  used  in 
small  adventures,  or  upon  the  shallow  extended  workings  of  the 
larger  mines. 

A  great  improvement  has  been  effected  of  late  years  in  the 
'  facility  of  transporting  the  ores  under  ground  by  the  introduction 
of  small  tram-roads  and  carts,  instead  of  the  old  practice  of 
wheelbarrows  and  planks.  Mr.  Came  estimates  the  expense  of 
work  performed  by  means  of  the  tram-roads  and  carts  as  less  than 
one-half  that  executed  by  the  old  system.  Considerable  im- 
provements also  have  taken  place  in  the  timbering  of  mines  and 
the  disposal  of  the  rubbish,  or  attle ;  so  that  not  only  are  the 
walls  of  the  lodes,  where  inclined  to  press  together,  better  kept 
apart  than  formerly,  but  the  communications  through  the  old 
workings  are  more  freely  established.  The  quantity  of  timber 
used  annually  in  the  Cornish  and  Devon  mines  is  very  consider- 
able, and  consists  almost  entirely  of  Norwegian  pine.  Sir  Charles 
Lemon,  having  counted  the  rings  of  annual  growth  upon  average 
trees,  considers  that  the  average  age  of  the  timber  employed  in  the 
Cornish  mines  is  about  120  years,  and  that  it  would  require  140 
square  miles  of  Norwegian  forest  to  afford  a  supply  for  these 
mines.*  A  drawback  is  allowed  upon  the  importation  of  this 
timber,  the  money  paid  for  which,  to  the  10th  October,  1837, 
will  be  seen  by  the  following  return  to  an  order  of  the  House  of 
Commons,  dated  November  28th,  1837,  for  an  account  showing 
the  several  amounts  paid  as  drawbacks  on  timber  imported  for 
and  used  in  the  mines  of  tin,  lead,  and  copper,  in  the  counties  of 
Devon  and  Cornwall,  in  each  year  since  that  drawback  has  been 
aUowed : — 

•  Journal  of  the  Statiitical  Society,  June,  183S  (vol.  L  p.  81). 
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Ymti  AmovBt  of  Dntwbttckt  paid. 

1811,  from  the  lit  of  Jaly       .         .  \ 

1812 iRecords  dMtroyed  by  fire. 

1813 J  £.      ».    rf. 

1814 3,622  13    8 

1815 8,707  10    9 

1816 12,859  16    3 

1817 12,466  18    6 

1818 16,093    3    4 

1819 25,903  11     1 

1820 30,075     4    6 

1821 25,267     9     8 

1822 20,312  12    5 

1823 31,537  18    5 

1824 38,251     8  10 

1825 50,749     5  10 

1826 27,799    2  11 

1827 26,441  18     9 

1828 36,585  16    2 

1829 39,190    9    3 

1830 32,818  10     2 

1831 36,711     8     6 

1832 39,235     7     6 

1833 41,363  11     4 

1834 44,385  13  U 

1835  .......  56,183  18  11 

1836 81,919  13     5 

1837,  to  the  10th  of  October  .         .         .  31,802  14     0 


The  effect  produced  on  the  importation  of  Norwegian  timber 
by  the  mining  speculations  of  1836  will  be  readily  perceived  by 
this  table,  so  many  old  mines  which  were  then  cleaned  out  either 
wholly  or  in  part  having  required  a  large  amount  of  it*  The  fol- 
lowing is  a  table,  by  Sir  Charles  Lemon,  showing  the  number  of 
loads,  price,  and  value  of  debenture  timber  used  in  the  Comiah 
mines  from  1818  to  1837  inclusive : 


Teut. 

Loads. 

Price. 
ShniiBst. 

Value, 
Carriage 
Included. 

Yean. 

Loade. 

Price. 
SbaiioKs. 

Valne. 
Cairiage 
Induded. 

1818 

5,726 

107 

£30,634 

1825 

21,732 

70 

£76,062 

1819 

9,240 

78 

36,036 

1826 

12,305 

66 

40,606 

1820 

10,700 

74 

39,590 

1827 

11,687 

61 

35,643 

1821 

9,723 

66 

32,085 

1828 

16,170 

61 

49,318 

1822 

8,419 

62 

26,098 

1829 

17,321 

57 

49,364 

1823 

13,072 

70 

45,752 

1830 

14,506 

57 

41,339 

1824 

15,855 

70 

55,492 

1831 

16,266 

52 

42,291 

*  In  like  manner  the  year  1825  b  maiked  by  a  greater  importation  of  mine- 
timber  tban  several  years  which  precede  or  follow  it 
f  Journal  of  the  Statistical  Society  of  London,  vol.  i.  p.  81. 
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Yean. 

Ixwds. 

Priee. 
SbllUngfl. 

1832 

17,341 

47 

1833 

18,282 

47 

1834 

19,596 

52 

{Thble  conHmted.) 

CarHage 
Incladed. 

Yean. 

Loads. 

Priee. 
ShUUDgf. 

£40,751 

1835 

24,832 

52 

42,962 

1836 

36,207 

52 

50,947 

1837 

14,056 

52 
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Value. 
Carriage 
1  Deluded. 
£64,563 
94,133 
36,545 

50  cubic  feet  »  a  load^-on  the  average  contained  in  four  trees.  Thus  the  consump- 
tioa  of  1836  was  36,200  loads,  X  4  =  144,800  trees. 

/  It  is  difficult  to  ascertain  the  time  when  blasting  by  gunpow- 
j}  der  came  into  use  among  the  miners  of  our  district.  Mr.  Hawkins 
considers  it  cannot  be  traced  higher  than  the  beginning  of  the  last 
century,  or  a  century  later  than  its  invention  in  Germany.  He 
quotes  letters  from  Mr.  Davies  Gilbert,  dated  in  1792,  by  which 
it  would  appear  that  this  practice  was  introduced  by  the  Germans 
in  the  eastern  mining  districts  of  Cornwall,  and  afterwards  passed 
into  the  west.  One  old  man  informed  Mr.  Davies  Gilbert  that 
it  was  first  used  in  the  district  of  Lelant,  Zennor,  and  St.  Ives, 
about  ninety  years  previously,  by  two  men  who  came  from  the 
east,  named  Bell  and  Case,  and  that  they  affected  to  keep  their 
operations  a  secret,  suffering  no  one  to  see  them  charge  the  holes.* 

(The  Cornish  miners  are  now  extremely  skilful  in  blasting  with 
gunpowder,  working  with  much  effect  and  precision.  Accidents, 
however,  are  frequent  from  it,  notwithstanding  the  invention  of 
the  safety-fuse  and  Mr.  Robert  Were  Fox's  wedge,  by  means  of 
which  the  dangerous  work  of  tamping  is  avoided,!  neither  having 
yet  sufficiently  spread  among  the  mines.  The  annual  value  of 
gunpowder  used  in  the  Cornish  mines  has  been  estimated  at 
13,200/.,  the  quantity  being  about  300  tons  of  2000  lbs.  each.J 

If  we  compare  the  detailed  accounts  furnished  by  Pryce,  in 
1778,  of  the  manner  of  dressing  tin-ores  in  his  time,  with  that 
given  by  Mr.  Henwood  in  1828,§  we  shall  be  able  to  see  the 

•  Trans.  GeoL  Soc.  Cornwall,  vol.  iv.  p.  84 — 86. 

t  This  invention  is  described,  with  a  figure,  in  the  Report  of  the  Polytechnic  So- 
eietj  of  Cornwall  for  1835,  p.  114,  pi.  vii.  fig.  2.  A  premium  of  10  guineas  was 
ofliered  by  this  Society,  in  1838,  for  the  best  report  of  a  series  of  experiments  made 
with  this  wedge. 

X  Sir  Charles  Lemon,  Journal  of  the  Statistical  Society,  vol.  i.  p.  81. 

§  Trans.  Geol.  Soc.  Cornwall,  vol.  iv.p.  145.  Mr.  Henwood's  descriptions  refer 
especially  to  the  manipulations  to  which  tin-ores  were  subjected  in  the  central 
mining  district  of  Cornwall.  Pryce's  account  also,  as  his  residence  was  at  Redruth, 
probably  also  referred  principally  to  the  same  area.  As,  however,  his  descriptions 
accord  with  those  given  by  Borlase,  who  was  rector  of  Ludgvan,  near  Peosance, 
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changes  which  may  have  taken  place  within  the  half  century 
included  between  those  dates^  and  at  the  same  time  leam  the  mode 
employed  at  the  present  day,  as  Mr.  Kenwood's  descriptions 
will  nearly  suffice  for  the  processes  now  in  use. 

"With  respect  to  the  dressing  of  tin-ores,  Pryee's  descriptions  do  not  differ 
much  from  those  by  Borlase  twenty  years  previously.  Indeed  to  illustrate 
them  he  has  merely  enlarged  the  figure  of  the  stamps,  buddies.  &c^  given 
by  the  latter.  After  noticing  the  stamping-mill,  he  describes  the  stamped 
ore  as  carried  by  the  water,  which  kept  the  ore  wet  and  the  stamp-beads 
cool,  into  the  first  or  rectangular  pit,  where,  arranging  itself  according  to  its 
specific  gravity  and  volume,  the  heaviest  part  (or  crop,  as  it  is  now  termed) 
accumulated  at  the  head,  while  the  more  slimy  ore  passed  to  the  lower  end, 
some  settling  in  around  pit  at  the  end  of  the  first,  all  the  matter  afterwards 
held  in  mechanical  suspension  being  allowed  to  be  carried  away  by  the  water  ai 
worthless.  In  1828,  in  addition  to  the  common  water-wheel  stamps,  steam- 
stamps  had  been  introduced,  and  the  number  of  stamp-heads  in  them  is 
noticed  as  amounting  in  some  instances  to  36  and  48.  The  pits  in  principle 
seem  much  the  same  as  in  1778,  the  crop  being  collected  inUie  rectangular, 
and  the  slime  in  the  round  pits. 

In  1778,  after  the  first  or  rectangular  pit  was  full,  the  contents  were  sepa- 
rated into  two  parts,  known  as  the  head  and  tail,  or  good  and  bad  portions, 
the  higher  being  necessarily  richest  in  ore.  It  was  then  taken  to  a  pit 
termed  a  huddle,  described  as  7  feet  long,  2^  wide,  and  2  feet  deep.  Tbe 
dresser,  standing  in  the  huddle,  arranged  the  pulverised  ore  upon  an 
inclined  wooden  frame  at  its  head,  named  the  jagging-board,  in  small 
ridges  parallel  to  the  run  of  some  water  which  was  allowed  to  enter  the 
frame  with  a  regulated  velocity.  By  this  process  the  lighter  parts  were 
carried  to  the  most  distant  part  of  the  pit  or  huddle,  into  which  the  pulver- 
ised ore  was  gradually  washed,  while  the  heavier  and  purer  portions  re- 
mained near  the  head,  the  dresser  lightly  scraping  his  foot  occasionally  upon 
the  sediment  in  the  huddle,  so  that  the  lighter  parts  should,  by  the  motion 
of  the  water,  be  carried  still  further  towards  the  lower  part  of  the  pit  When 
the  huddle  became  full  they  divided  the  contents  into  three  parts,  that  next 
the  jagging-board  being  termed  the  head  or  crop,  which  was  saved  by  itself ;  the 
central  portion  the  crease  or  middle  head  and  the  third,  most  distant  from  the 
jagging-head,  and  therefore  least  pure,  being  called  the  hind-crease  or  tail*. 
If  thought  proper  the  head  was  huddled  over  again,  and  the  crease  was 
brought  to  an  equal  condition  with  it,  and  the  buddlings  were  repeated  until 
the  desired  quality  of  the  ore  was  attained ;  the  waste  from  these  bud- 
dlings and  the  tail  of  the  original  huddle  being  put  aside  for  leavings.  In 
1828  the  operation  was  conducted  in  the  same  manner,  with  the  exception 

and  therefore  likely  to  hare  been  well  acquainted  with  the  mode  of  dressing  tin-ores 
then  adopted  in  that  part  of  Cornwall,  we  may  take  Pryce*8  account  as  fairly  re- 
presenting the  practice  generally,  with  due  allowance  for  local  variations.  An  ac- 
count of  dressing  the  tin-ores  of  St.  Just,  which  are  frequently  mixed  with  copper- 
ores,  is  given  by  Dr.  Boase,  in  the  Trans,  of  the  Geol.  Soc  of  Cornwall,  ToLii 
p.  386,  &c. 
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that  the  middle  head  wa»*divided  into  two  portions,  named  ^r;^  and  second 
middle  headg. 

Ib  1778,  the  ore  after  heing  buddlied  was  placed  in  a  large  vat,  named  a 
keeve,  about  one-third  full  of  water,  in  which  one  workman  kept  stirring 
the  water  with  a  shovel,  while  another  let  the  tin  ore  fall  into  it  by  degrees 
at  the  side  of  the  keeve,  where  it  was  tozed,  (tossed)  or  stirred  by  the  other 
until  the  vat  was  almost  full  By  this  process  the  lighter  portions,  or  waste, 
were  kept  in  mechanical  suspension  in  the  water,  while  the  heavier  settled. 
Thekeeve  being  thus  nearly  filled,  it  was  struck  on  the  sides  by  two  boys 
with  mallets  (orpacked)  for  a  quarter  of  an  hour,  until  it  had  settled  hard. 
The  water  was  then  poured  oif  from  the  surface  of  the  tin  ore,  and  the 
lighter  part,  or  waste,  was  skimmed  off,  and  laid  by  itself  to  be  huddled  over 
again  by  the  name  of  skimpings.  In  the  above  process  the  comparative 
volume  of  mineral  substances  which  were  not  tin  ores  having  made  up  for 
their  want  of  equal  specific  gravity  with  such  ores,  the  whole  was  then  sifted 
through  a  copper  or  brass-bottomed  sieve,  by  which  the  mineral  substances 
above  noticed  were  kept  back,  while  the  finer  tin  ores  passed  through.  If 
the  tin  ore  which  passed  through  the  sieve  did  not  require  to  be  huddled 
over  again,  it  was  made  clean  by  repeatedly  tossing  and  packing.  In  some 
cases  it  was  necessary  to  huddle  it  over  again,  when  the  operations  of  tossing 
were  repeated  until  the  whole  was  brought  to  the  required  condition. 

In  1828,  after  the  tin  ores  (of  the  crop}  had  been  huddled,  and  divided  as 
above  noticed,  the  heads  were  tossed  or  tozed,  the  Jirst  middle  heads  were 
chimmed,  the  second  middle  heads  were  dillued^  and  the  tails,  if  poor,  were 
thrown  among  the  leavings.  The  operation  of  tossing,  or  tozing,  was  per- 
formed in  much  the  same  manner  as  in  1778.  This  part  of  the  process 
having  been  completed,  the  mineral  matter  in  the  keeve  was  divided  into  two 
or  more  parts.  If  divided  into  three,  the  two  upper  portions  were  termed 
top  and  bottom  skimpings :  these  were  again  huddled  and  tossed,  and,  after 
huddling,  the  tails  were  thrown  among  the  leavings,  and  the  middle  heads 
were  mixed  with  the  skimpings  of  the  first  middle  heads ;  after  tossing,  the 
skimpings  were  put  to  the  leavings  and  dressed  on  a  frame.  The  ore  in  the 
lowest  part  of  the  keeve  was  either  fit  for  the  smelting  house,  or  the  roasting 
or  burning  house,  according  to  its  composition.  Chimming  is  a  process  of 
modem  times,  and  consists  in  inclining  thekeeve  at  an  angle  of  about  45^. 
About  2  cwt.  of  ore,  with  the  same  weight  of  water,  is  put  into  it,  and  vio- 
lently agitated  by  stirring  until  the  whole  of  the  ore  is  mechanically  sus- 
pended. After  stopping  the  stirring,  the  contents  of  the  keeve  are  packed 
as  in  common  tossing,  and  similar  divisions  made  of  them.  This  is^con- 
sidered  an  improvement  on  ordinary  tossing,  as  the  lower  part  of  the  collected 
mineral  matter  is  narrower,  while  there  is  more  space  above  for  the  deposit 
of  the  impurer  portions. 

The  process  of  dilluing  or  diUeughing  was  carried  on  much  in  the  same 
way  in  1778  as  it  is  at  present.  It  consists  in  one  workman  holding  a 
dilleugher,  or  large  fine  hair  sieve,  in  a  keeve  one-third  full  of  water,  while 
another  throws  a  shovel  or  two  full  of  ore  into  the  sieve,  which  the  former 
shakes  to  and  fro,  and  up  and  down,  with  much  dexteritv,  for  the  purpose  of  ar- 
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ranging  the  contents  according  to  their  relative  specific  gravities*  WImq 
these  are  well  suspended  in  the  water,  he  adroitly  dips  one  side  of  the  dii- 
leugherundeT  the  surface  of  the  water  in  the  keeve,  by  which  the  ligliter 
particles,  kept  mechanically  suspended  in  the  former,  are  allowed  to  escape 
into  the  keeve.  By  continuing  the  operation,  the  richer  parts  of  the  ore 
alone  remain  in  the  dilleugher,  and  are  removed  as  occasion  may  require, 
to  make  room  for  more  ore,  after  the  operator  has  satisfied  himself  that  the 
proper  quality  is  attained. 

As  most  of  the  Cornish  and  Devon  tin  ores  contain  arsenic,  sulpharet  of 
copper,  common  iron  pyrites,  or  other  substances  which  it  is  desirable  to 
remove,  as  much'  as  possible,  before  the  tin  ores  are  sent  to  the  smelting- 
house,  the  process  of  roasting  or  burning  the  ores,  next  em  ployed  in  1778,  as 
at  present,  has,  probably,  been  long  considered  necessary.  By  this  opera- 
tion many  impurities  are  driven  off  in  vapour,  and  the  ores  rendered  more 
free  from  them.  Beneath  will  be  found  a  description  of  the  present  roasting 
furnaces,  by  Mr.  Henwood,  which  are  those  more  commonly  employed.* 
In  Wheal  Vor  there  is  a  very  ingenious  roaster  moved  by  water  power,  so 
arranged  that  the  pulverised  tin  ores,  upon  a  circular  support,  are  stirred  by 
the  teeth  projecting  from  a  wheel  above  it,  so  that  all  the  different  particles 
are  properly  exposed  to  heat,  which  is  not  so  well  accomplished  in  the  ordi- 
nary roasting  houses.t 

After  being  roasted,  the  crop  tin  ores  were,  in  1778,  as  at  present,  again 
huddled,  tossed  and  packed  as  before,  until  considered  fit  for  smelting.  Some 
kinds  of  ore  in  1828  required  other  operations  after  roasting,  generally  eitber 
tying  by  itself,  or  tying  and  jigging,  "  The  tye  is  a  long,  narrow,  inclined 
furrow,  through  which  passes  a  stream  of  water,  three  or  four  times  larger 
than  that  used  in  huddling  ;  the  ore  being  placed  at  the  head  and  agitated 
with  a  broom,  the  rough  and  lighter  particles  are  carried  to  the  lower  part 

*  The  furnace  in  whicli  this  (the  roasting)  is  done,  is  aboatnine  feet  long ;  its 
width  is  irregular,  being  about  three  feet  where  it  adjoins  the  fire-place,  five  feet  io 
the  widest  part  of  the  middle,  and  one  and  a  half  at  the  mouth ;  the  height  is 
about  sixteen  inches  in  the  middle,  and  ten  at  the  sides  ;  the  fire-place  is  sboot 
twelve  inches  in  breadth,  and  is  separated  from  the  body  of  the  furnace  by  a  wall 
just  high  enough  to  keep  the  fuel  separate  from  the  ore.  On  looking  in  at  the  mouth, 
the  flame  of  the  fire  is  seen  proceeding  from  the  fire-place  through  all  the  length  of 
the  furnace,  and  going  up  the  chimney,  which  is  situated  close  to  ihe  month.  The 
furnace  being  raised  to  a  duU,  red  heat,  about  7  cwt.  of  the  ore  is  put  into  it, 
through  a  hole  in  the  top ;  if  it  were  roughly  stirred  at  unce,  the  rapid  evaporation 
of  the  moisture  contained  in  it  would,  probably,  dissipate  a  portion  of  the  ore :  it  is 
therefore  allowed  to  remain  unmoved  for  about  an  hour,  in  order  to  the  gentle  evt- 
poration  of  the  water ;  it  is  then  spread  over  the  furnace  for  about  four  feet  in  length, 
nearest  the  fire ;  and,  by  means  of  an  iron  rake,  in  turned  every  half  hour  or  oilener, 
that  the  whole  may  be  equally  exposed  to  the  action  of  the  fire.  Ttiis  continnes 
until  it  ceases  to  give  out  whitish  fumes,  or,  when  turned,  to  exhibit  bright  sparkles; 
it  is  then  withdrawn  through  a  hole  now  uncovered  in  the  bottom  of  the  furnace* 
and  allowed  to  cool. — ^Trans.  Geol.  Sur.  Cornwall,  vol.  iv.  p.  153. 

t  The  arsenic  fumes  from  the  burning  honse  at  Wheal  Vor,  are  collected  in  a  long 
chamber  through  wl.ich  the  vapours  pass. 
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of  the  tye.'*  The  ores  at  the  head  of  the  tye,  unless  requiring  again  to  he 
Miued,  are  fit  for  the  smelting-house,  and  the  remainder,  if  considered  .poor, 
is  thrown  among  the  leavings,  but  otherwise  it  is  jigged,  an  operation  in 
which  the  dresser  places  the  mineral  substances  in  a  copper-bottomed  sieve, 
and  bj  giving  the  latter  a  compound  motion  both  round  and  vertically  in  a 
vessel  of  water,  above  which  the  sieve  is  never  lifted,  he  arranges  the  sub- 
stances acoocding  to  their  relative  specific  gravities,  and  therefore  the  richer 
portions  accumulate  at  the  bottom,  and  the  lighter  are  thrown  among  the 
leavings. 

It  will  have  been  evident  from  this  sketch  of  the  different  processes  noticed, 
that  while,  from  time  to  time,  portions  of  the  ores,  after  roasting,  if  that 
operation  were  necessary,  are  put  aside  as  fit  for  the  smelting-house  ;  other 
portions  are  added  under  various  names  to  the  original  slime  or  stanniferous 
mud  in  the  pits.  All  these  come  under  the  head  of  leavings.  In  1778  we 
find  that  the  slime  and  tails,  after  having  been  allowed  to  dry,  were  irunked 
and  framed^  The  trunk  was  a  pit  ten  feet  long,  three  wide,  and  nine 
inches  deep.  At  the  higher  part  of  it  was  another  and  circular  pit  named 
the  strhK  or  slept  large  enough  to  contain  four  hand-barrows  of  slime,  which 
there  became  mixed  with  water  that  ran  into  the  strdk,  and  conveyed 
it  into  the  upper  part  of  the  trunk,  which  was  semicircular,  and  named  the 
head  or  pednan.  In  this  pednan  a  boy  stirred  the  muddy  water  with  a  small 
shovel  in  such  a  manner  that  the  wash  was  carried  over  a  cross  board  about 
ten  inches  deep,  somewhat  lower  in  the  middle,  separating  the  pednan  from 
the  body  of  the  trunk.  As  in  the  huddle,  the  leavings  thus  washed  into  the 
trunk  arranged  themselves  according  to  relative  specific  gravities,  so  that  the 
portion  nearest  the  head  was  richest  in  tin  ores.  This  portion  was  taken  to  be 
framed,  while  the  lower  part  was  removed  to  the  pednan  to  be  trunked  over 
again,  and  the  coarser  portions  formed  at  the  bottom  of  the  strdk,  which  would 
Dot>  from  their  size,  be  so  mixed  with  the  water  as  to  be  carried  to  the  ped- 
nan, were  sent  again  to  the  stamping  mill. 

The  three  divisions  of  the  trunk  are  still  found  where  trunking  by  ma- 
chinery is  not  practised ;  but,  as  stated  by  Mr.  Henwood,  they  are  generally 
known  by  the  names  of  the  slreke^  the  cdver^  and  the  Au^cA.  The  stre^ 
is  now  no  longer  circular,  but  a  pit  about  five  feet  long,  and  two  feet  and  a 
half  deep,  at  the  higher  end  two  and  a  half  wide,  and  at  the  lower  only  six 
inches.  The  c6ver  is  found  next  to  the  strike,  and  is  a  box  containing  about 
three  cubic  feet  The  hutch  is  a  wooden  case,  about  eight  feet  long,  two  and 
a  half  to  three  feet  wide,  and  about  one  foot  deep,  its  bottom  and  that  of 
the  strdke  being  slightly  inclined.  The  hutch  is  separated  by  a  board  from 
the  c6ver,  over  which,  as  in  Pryce*s  time,  the  muddy  water  passes  when 
agitated  by  a  boy  with  a  shovel,  so  that  the  ripples  slop  over  the  dividing 
board  into  the  hutch,  in  which  the  richer  parts  of  the  slime  accumulate 
nearest  the  c6ver. 

The  trunking  by  machinery,  which  has  now  become  somewhat  common, 
was  introduced  at  St.  Ives,  according  to  Mr.  Henwood,  about  the  year  1825. 
It  is  a  very  simple  arrangement,  consisting  of  an  horizontal  axle  stretching 
across  as  many  c6vers  as  there  may  be  trunks,  from  which  flat  blades  of 
iron  or  wood  descend  into  the  contents  of  the  c6vers,  performing  the  office  of 
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the  shovels  ahove  noticed*  by  means  of  a  to-and-fro  motion  produced  on  the  axle 
to  which  they  are  fixed :  this  to-and-fro  motion,  which  slops  over  the  neces- 
sary quantity  of  stanniferous  muddy  water  into  the  hutch,  being  commnm- 
cated  either  by  hand  or,  what  is  now  becoming  more  common,  by  being 
attached  to  some  other  machinery,  as,  for  -instance,  to  the  nearest  water- 
wheel. 

The  frame  of  1778,  and  that  of  1828,  would  appear  to  have  differed  so 
slightly,  that  we  shall  annex  Mr.  Henwood's  description  of  it,  more  particu- 
larly as  it  is  now  very  commonly  in  use.  "  The  frame,*'  he  states,  "  is  a 
fiat  piece  of  wood,  about  eight  feet  long  and  five  feet  wide,  with  a  rim  five 
inches  high  around  it.  This  is  suspended  in  an  inclined  position  on  pivots  ;* 
but  is  fastened  by  a  kind  of  latch;  at  the  upper  end  is  ^ jagging-board 
(similar  to  that  of  the  huddle)  which  is  connected  with  the  frame  by  a  moveable 
sloping  piece  of  wood,  to  prevent  the  ore  from  falling  between  the  board 
and  the  frame :  underneath  the  frame  are  two  boxes  which,  being  placed 
end  to  end,  extend  its  whole  length  ;t  at  the  lower  end  of  the  floor  a  vacancy 
of  two  or  three  inches  leaves  an  aperture  for  the  escape  of  the  water.  The 
mode  of  conducting  the  operation  is  as  follows: — ^the  operator  (usually 
a  woman  or  stout  boy  or  girl)  spreads  on  the  jagging-board  from  two  to 
three  quarts  of  the  trunked  dimct  on  which  runs  a  stream  of  water,  equal  to 
five-eighths  of  an  inch  in  diameter ;  and  with  a  small  toothless  rake,  makes 
it  into  small  furrows,  in  the  direction  in  which  the  water  runs.  In  this  way 
the  ore  is  carried  from  the  board  to  \\ie  frame :  the  richest  part  rests  at  and 
near  the  head,  and  the  poorer  parts  further  down :  the  impurities  are  carried 
off  by  the  water  and  escape  at  the  bottom.  The  operator  runs  the  rake 
across  the  frame,  to  agitate  the  ore,  as  often  as  appears  requisite.  When 
the  richer  part  of  the  ore  has  sufilciently  accumulated,  the  jagging-board 
being  swept  clean,  the  latch  is  lifted,  and  the  frame  turned  on  the  pivots 
from  a  horizontal  to  a  vertical  position,  and  the  ore  is  swept  or  washed  into 
the  boxes  beneath ;  the  best  into  the  upper,  and  the  inferior  into  the  lower 
box.  It  is  of  the  greatest  importance  that  the  water  should  pass  of  equal 
depth  and  velocity  over  every  part  of  the  frame,  or  the  different  parts  of  the 
mass  will  be  mixed  with  each  other,  and  some  of  the  ore  carried  oflf  with 
the  waste.I 

In  1778,  the  contents  of  the  upper  box,  or  fore-kdfer,  were  sifted  through 
a  fine  hair  sieve,  or  with  a  copper  bottom,  into  a  keeve  with  water  in  it ;  it 
was  then  huddled  and  saved  in  different  pqrtions,  like  crop  tin,  and  it  also 
underwent  the  various  operations  of  tossing,  packing,  skimping,  dilluing, 
&c.  The  burning  or  roasting  is  not  noticed,  but  we  may  readily  suppose 
that  it  was  employed  with  the  greater  part  of  the  ores,  as  in  1828  and  at 
present.  The  contents  of  the  second  box  or  kdfer,  as  also  of  the  first,  should 
occasion  require,  are  then  brought  to  as  pure  a  state  as  the  ore  will  admit 
The  modes  of  dressing  leavings  were  so  various  in  Pryce's  time  that  he  oould 
not  detail  them,  "  without  danger  of  prolixity."    They  are  not  less  so  now, 

•  Named  meUiers  by  Pryce. 
t  The  boxes  beneath  the  frame  are  termed  fore  and  hind  iS/en  by  Pryce. 
J  Trans.  Geol.  See.  of  Cornwall,  vol.  iv.  p.  157.    It  will  be  readily  seen  that  this 
frame  is  hut  a  modification  of  the  buddle,  in  which  the  manipulation  is  conducted 
with  additional  care. 
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but  it  may  be  stated  that,  with  the  means  above  noticed,  they  are  worked 
until  it  is  supposed  that  any  tin  ore  which  may  still  remain  in  them,  will 
not  further  repay  the  cost  of  washing.* 

In  selling  tin  ores  to  the  smelter  the  system  of  ticketing^  as 
used  for  those  of  copper^  has  of  late  years  been  introduced^  so  that 
black  tin  is  now  sold  partly  in  that  manner  and  partly  by  private 
contract. I     The  ticketing  sales  take  place  at  Redruth  and  Tre- 

*  It  should  be  observed,  while  on  the  subject  of  the  Cornish  mode  of  washing 
ores,  that  it  is  generally  contiidered  inferior  to  the  methods  adopted  in  Grermany 
and  in  France.  On  his  return  from  Freiberg  in  1804,  Mr.  J.  H.  Vivian  pointed  out 
the  various  modes  of  dressing  ores  employed  in  Germany,  and  some  of  the  sug- 
gestions he  then  offered  have  been  subsequently  adopted  with  g^eat  benefit.^  The 
shock-frame,  though  superior  to  anything  of  the  Jdnd  used  in  Com  wall,  still  remains 
neglected,  though  Mr.  Vivian  presented  a  model  of  it  many  years  since  to  the 
Geological  Society  of  Cornwall^  as  also  of  another  useful  German  frame,  termed 
the  sweep-frame. 

f  The  Cornish  mode  of  assaying  tin  ores  consists  generally  in  taking  two  ounces 
of  black  tin,  or  tin  ore,  and  adding  to  them  a  flux  composed  of  culm,  about  one- 
third  the  weight  of  the  ore,  and  borax  4  dwts.  If  the  ore  contains  much  iron  more 
culm  is  added.  This  being  exposed  to  strong  heat  a  button  of  tin  is  obtained,  the 
value  of  which  is  estimated  by  its  properties  under  the  hammer.  The  scrapings 
from  the  crucible  are  usually  washed,  to  search  for  any  tin  which  may  be  in  them. 
It  seems  probable,  that  this  method  has  been  long  employed :  Pryce  describes  it 
in  1778. 

Berthier  has  pointed  out  (Trait6  des  Essais  par  la  Voie  S^che,  torn  ii.  p,  552)  that 
though  the  oxide  of  tin  is  completely  reducible  by  charcoal  at  a  white  heat,  tbat  it 
possesses  such  an  affinity  for  silica  that,  when  that  substance  is  present,  it  cannot 
be  reduced  altogether,  except  at  the  highest  temperature  of  a  wind-furnace ;  whence 
the  necessity  of  making  all  assays  of  tin  at  a  high  temperature. 

This  excellent  analyst  and  metallurgist  recommends  that  the  powdered  stanni- 
ferous ores  should  be  boiled  for  a  very  short  time  in  aqua  reg^a  (a  compound  of  one 
measure  of  nitric  acid  with  two  measures  of  hydrochloric  acid),  in  order  to  deprive 
the  ore  of  any  pyritous  or  arsenical  matters  which  it  may  contain,  then  to  add 
water  to  it,  throw  the  ore  which  remains  upon  a  filtre,  and  wash  it  carefully.  The 
filtre  is  then  dried,  the  ore  is  taken  from  it,  the  paper  is  burnt,  and  the  whole  is 
calcined,  in  order  to  drive  off  a  small  quantity  of  sulphur  with  which  it  may 
becoDoe  mixed  from  the  action  of  aqua  regia.  By  these  means  the  ore  is  completely 
purified  without  the  loss  of  the  smallest  trace  of  tin.  He  recommends,  when  great 
precision  is  required,  that  the  fluxes  should  be  the  same  as  those  used  for  iron  assays. 
These  fluxes  may  be  either  earthy  and  very  calcareous  glasses,  carbonate  of  lime, 
or  a  mixture  of  carbonate  of  lime  and  dolomite  (carbonate  of  lime,  and  carbonate  of 
magnesia).  Borax  and  carbonate  of  soda  may  be  employed  as  fluxes  where  this 
precision  is  not  required,  in  the  proportion  of  three-tenths  or  four-tenths  at 
furthest. 

Independently  of  the  button  of  metal  obtained  in  the  assay,  there  are  always  some 
granules  at  the  surface  of  the  slag  or  scoria.  To  obtain  these,  it  is  recommended 
that  the  slag  should  be  pulverised  and  the  powder  passed  through  a  fine  sieve.  1  f 
the  metal  be  malleable  it  will  remain  in  little  plates  on  the  sieve;  if  it  be  breakable 
it  passes  through  with  the  powder  of  the  slag  or  scoria;  but  should  it  be 
magnetic,  as  frequently  happens  in  such  cases,  it  may  be  thkeu  up  with  a  msgi  et 


Digitized  by  VjOOQIC 


582 


ECOKOHIC  CEOLOGT. 


4 


loweth,  commonly  twice  a-month,  and  alternately  at  these  two 
places.  The  following  table  will  show  the  mines  from  which  tin 
ores  were  sold  by  ticket  in  1837,  and  the  relative  amount  pro- 
duced by  each.  It  will  not  afford  a  view  of  the  relative  value  of 
these  mines,  inasmuch  as  several  are  large  copper  mines,  such  as 
Consols,  Wheal  Jewel,  Cam  Brea,  &c,  producing  only  a 
amount  of  tin. 

Mine*  from  which  Black  Tin  has  been  sold  by  Ticket  in  1837. 


MINES. 

TOOB. 

per  Ton. 

ABOtfBL 

£. 

«. 

€L 

£.         f.      d. 

Charlestown  United  Mines  . 

582} 

45 

1 

2 

26,258    12     5 

St.  Ives  Cousok 

897^ 

45 

9 

3 

18,049    17     6 

Polgooth  .... 

352 

47 

7 

3 

11,935    19    3 

BoKaswell  Downs 

239 

50 

0 

7 

11,957    10     0 

Great  Work 

225 

52 

4 

9 

11,753    10     0 

Wheal  Reeth      . 

192i 

45 

10 

9 

8,754    11    10 

Wheal  Budnick  . 

169* 

43 

6 

0 

8,162    18     9 

Wheal  Kitty 

1624 

46 

10 

7 

7,514    13     9 

Wheal  Mary       . 

1604 

45 

2 

6 

7.242    17     6 

Royal  Polberou  Consols 

148  r 

44 

5 

7 

6,575    18     I 

Wheal  DarUngton 

134| 

47 

1 

6 

6,320     5     1 

Carnon      .... 

122 

51 

11 

3 

6,291      7   11 

Tin  Croft  .... 

105 

41 

18 

0 

4,399     1     9 

Camed  forward 

2S89J 

135,217     3 10 

and  when  this  method  cannot  he  employed  it  is  washed  with  care,  or,  as  would  be 
said  in  Cornwall,  vanned. 

To  show  the  influence  of  silica  upon  the  peroxide  of  tin,  Berthier  made  the  w- 
lowing  mixtures  with  this  ore,  and  pulverised  quarts : — 

a  b  e  d  e 

Tin  ore         10  10  10  10  10 

Quartz  2*5  6*6        10  15  30 

These  heated  with  four  times  their  weight  of  black  flux,  produced  a,  52perceBl. 
of  tin ;  b,  43  per  cent)  c,  28  per  cent ;  c^  10  per  cent ;  and  e,  no  return  of  tio  at 
all,  so  completely  had  the  quantity  of  silica  prevented  its  fusion.  The  slags,  theie- 
fore,  retained  different  quantities  of  oxide  of  tin,  in  proportion  as  tb«y  voe 
siliceous. 

After  observing  that  the  black  flux  should  not  be  employed  in  the  assays,  except 
when  it  is  only  intended  to  obtain  a  very  large  proportion  of  the  pure  metal  from  the 
ores,  Berthier  proceeds  to  observe  that,  when  this  only  is  desired,  the  ore 
should  be  reduced  to  a  fine  powder  and  mixed  with  about  a  tenth  of  its  weight  of 
charcoal,  then  exposed  in  a  crucible  lined  with  charcoal  to  a  strong  white  heat  for  as 
hour  or  two,  when  it  becomes  a  granular  metallic  and  sandy  mass.  This  mass  is 
ground  down  in  a  mortar  and  melted  in  an  open  crucible  with  half  its  weight  of 
carbonate  of  soda,  or  potash.  A  button  of  pure  tin  is  then  obtained,  and  the 
foreign  metals,  such  as  iron,  tungsten,  &c.,  remain  in  the  slag  with  a  certaui 
quantity  of  oxide  of  tin.  An  ore,  containing  70  per  cent,  of  tin,  easily  ga?e  55  per 
cent.,  of  pure  tin  when  treated  in  this  manner. 
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( Table  continued,) 


MINES. 

Tons. 

Average  Price 
per  Ton. 

Amount.              1 

£. 

«. 

d. 

£. 

t. 

d. 

Bioujrht  forward  . 

2889J 

135,217 

3 

10 

Mansion  Mines . 

1024 
100} 

44 

10 

7 

4,575 

8 

9 

Bottle  Hill 

43 

11 

7 

4,378 

5 

7 

Carn  Brea 

80 

47 

8 

9 

3,794 

11 

3 

Wheal  Olds 

79 

54 

3 

9 

4,281 

5 

0 

Balleswidden 

74 

44 

14 

10 

3,310 

16 

3 

St  AnsteU  Hills 

69 

42 

13 

1 

2,964 

11 

3 

Poldice      .... 

59 

38 

16 

8 

2,320 

8 

0 

Balnoon     .... 

59} 

50 

4 

1 

2,987 

13 

9 

Boscean     .... 

57} 

54 

7 

0 

3,125 

3 

9 

Levant       .... 

56} 

36 

17 

6 

2,083 

6 

3 

St  Enoder  Consols 

45] 

46 

1 

0 

2,106 

16 

2 

Roche  Rock       . 

34 

46 

9 

0 

1,786 

12 

5 

Wheal  Unity  Wood     . 

28 

44 

0 

10 

1,233 

4 

4 

Wheal  Jewel      . 

'^ 

45 

11 

3 

1,207 

15 

0 

MoTvah  and  Zennoi  Mines   . 

48 

0 

9 

1,272 

19 

11 

Eaiit  Levant 

2? 

48 

2 

5 

1,203 

2 

6 

Consolidated  Mines 

2o| 

37 

4 

8 

902 

18 

9 

South  Polgooth  . 
CornwaU  Great  United 

42 

1 

5 

862 

10 

7 

204 

43 

18 

9 

900 

15 

0 

Cook's  Kitchen  . 

17' 

43 

17 

7 

746 

6 

3 

Wheal  Gilbert    . 

12 

47 

17 

6 

574 

10 

0 

Carzise      .... 

12 

49 

12 

6 

595 

10 

0 

Wheal  Providence 

10} 

43 

17 

2 

471 

11 

10 

St  Neot  Mines  • 

ISJ 

28 

2 

4 

295 

10 

0 

Wheal  Pye 
West  Poldice     . 

39 

2 

3 

400 

17 

7 

10* 

4t 

8 

0 

414 

0 

0 

Great  Wheal  Venture 

^i 

47 

13 

8 

464 

18 

0 

Teague's  Bargain 

9 

47 

2 

6 

447 

13 

9 

East  Wheal  Strawberry 

9} 

45 

18 

6 

436 

6 

3 

Wheal  Maitland 

9 

50 

13 

7 

456 

12 

6 

Gavaragan 

8 

50 

5 

4 

402 

2 

6 

Wheal  Castle     . 

2t 

47 

13 

5 

345 

15 

0 

Wheal  Grey 

53 

7 

6 

346 

18 

9 

Gwallan    .... 

6 

41 

17 

1 

251 

2 

6 

Wheal  Gorland 

■    5i 

45 

6 

4 

249 

5 

0 

Wheal  Ann  Dues 

sl 

51 

18 

6 

285 

12 

6 

West  Tresavean  . 

5 

54 

8 

6 

272 

2 

6 

Boscaawell  Dues 

n 

44 

12 

6 

189 

13 

1 

Friendly  Mines  . 

46 

17 

3 

199 

3 

8 

Trelubbas  Bargains     . 
SoQfh  Wheal  Rose       . 

4 

47 

6 

3 

189 

5 

0 

3i 

54 

5 

0 

189 

17 

6 

Royal  Duchy  Mines     . 

3} 

48 

7 

6 

169 

6 

3 

East  Wheal  Fortune  . 

3 

44 

2 

6 

154 

8 

9 

Beam         .... 

S 

53 

17 

4 

177 

11 

3 

Cuddra      .... 

4 

44 

7 

4 

144 

3 

1 

Bosom       .         •         •         • 

3 

53 

5 

0 

159 

15 

0 

BoUowall  .... 

3 

57 

0 

0 

171 

0 

0 

Perran  Downs    . 

3 

42 

17 

6 

128 

12 

6 

West  Wheal  Jewel 

H 

40 

12 

6 

111 

14 

4 

Spearn  Moor                .         . 
New  Crinnis 

24 

51 

2 

6 

127 

16 

3 

r 

43 

7 

6 

86 

15 

0 

QDod  Providence 

2 

51 

8 

9 

102 

17 

6 

Wheal  Edward  . 

2 

40 

8 

9 

80 

17 

6 

Tregavara 

ij 

58 

0 

0 

87 

0 

0 

Spry's  Dues 
North  Downs 

11 

53 

15 

0 

80 

•12 

6 

1} 

37 

15 

0 

56 

12 

6 

Parknoweth 

46 

2 

6 

46 

2 

6 

East  Beam 

52 

2 

6 

52 

2 

6 

United  Mines      . 
Totiil 

43 

15 

0 

43 

15 

0 

4105^ 

190,721 

4 

11 
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To  obtain  the  total  quantity  of  tin-ore  sold  in  1837,  that  sold 
by  private  contract  must  be  added,  as  also  the  quantity  raised  by 
the  Wheal  Vor  adventurers  who  smelted  for  themselves.  This, 
according  to  the  number  of  blocks  coined,  and  taking  the  average 
price  of  that  sold  by  ticket  for  that  which  is  disposed  of  privately, 
would  make  the  total  value  of  the  tin-ores  sold  in  1837  amount  to 
363,322/.  16*.  4d.*  giving  172,601/.  11*.  5rf.  for  the  value  of  the 
ores  disposed  of  by  private  contract  and  coined  by  the  Wheal 
Vor  adventurers.  The  number  of  blocks  of  tin  coined  by  the 
latter  amounted  to  2,638  in  1837,  which,  taking  these  blocks  to 
average  those  of  the  27,383  coined  in  that  year,  would  give,  in 
round  numbers,  ore  of  the  value  of  35,014/.,  leaving  about 
137,587/.  for  the  value  of  the  ores  sold  by  private  contract  in  the 
year  1837. 

Although  the  cupreous  sulphuret  of  tin,  or  tin  pyrites,  has  been 

found  at  Wheal  Rock,  in  St.  Agnes  ;  at  Stenna-gwyn,  in  St. 

Stephen's ;  at  Wheal  Scorrier,  in  Gwennap ;  and  at  Botallack,  in 

St.  Just,  it  has  only  occurred  in  small  quantities.f     The  ore  from 

which  all  the  tin  is  procured  is  the  peroxide,  of  variable  degrees  of 

purity,  sometimes  crystalline  and  at  others  mixed  with  much 

earthy  matter,  so  that  by  an  inexperienced  eye  it  would  scarcely 

be  detected.     Dr.  Thomson  gives  the  following  as  the  constituent 

parts  of  a  crystalline  reddish  brown  specimen  from  Cornwall,  the 

specific  gravity  of  which  was  6*945  :• — 

Peroxide  of  tin .     .  96*265  I  Peroxide  of  iron  .     .     .     -13.395 
Silica      ....     0*750  I  Sesquiozide  of  manganese  ./ 

The  processes  by  which  the  peroxide  of  tin  is  mechanically 
separated  from  the  earthy  substances,  or  other  ores,  with  which 
it  may  be  found  combined  in  the  lodes  or  stream  works,  de- 
pending upon  its  greater  specific  gravity,  it  may  be  sufficiently 
purified  from  these  by  the  manipulations  above  detailed,  ex- 
cept when  mixed  with  wolfram,  or  the  tungstate  of  iron  and 
manganese,  as  sometimes  happens,  the  specific  gravity  of  which, 
being  about  7*  155,  is  somewhat  greater  than  that  of  the  peroxide 
of  tin,  as  it  usually  occurs,  and  even  of  that  ore  in  its  purest 
state,  from  which  circumstance,  its  presence  is  highly  injurious  in 
a  tin-lode. 

*  Englishes  Mining  Journal,  1838. 

I  It  has  been  generally  considered  that  this  mineral  is  more  of  a  mechanical  mix- 
ture than  a  chemical  compound ;  in  fact,  a  more  minute  mixture  of  the  peroiide  oi 
tin  and  sulphuret  of  copper  than  those  frequently  found  in  mines. 
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Great  dexterity  is  exhibited  by  the  tinners  in  the  operation 
termed  vanning,  which  consists  of  separating  the  pulverised  tin- 
ore  from  the  other  ores  or  earthy  matter  with  which  it  may  be 
mixed  on  a  pointed  shovel.  Tliis  is  done  by  placing  a  small 
portion  of  the  pulverised  matter  to  be  examined  towards  the  end 
of  the  shovel^  and  then  by  dexterously  dipping  it  in  water,  and 
agitating  it  by  means  of  a  peculiar  motion  of  the  arms  and  wrists, 
the  pulverised  matter  arranges  itself  according  to  the  relative 
specific  gravity  of  its  component  parts,  and  hence,  the  tin-ore 
being  the  heaviest,  except  when  wolfram  is  present,  it  is  collected 
on  one  side,  and  its  relative  proportion  to  the  whole  pulverised 
matter  placed  in  the  shovel,  can  be  fairly  estimated.  We  have 
seen  a  miner  dexterously  van  pulverised  iron  pyrites,  copper 
pyrites,  and  the  peroxide  of  tin  into  three  parts  on  his  shovel,  so 
that  the  copper  ore  was  on  one  side,  the  tin  ore  on  the  other,  and 
the  iron  pyrites  in  the  middle ;  the  specific  of  these  ores  being 
about  4*16,  6*8,  and  4 '9.  For  a  summary  mode  of  roughly 
estimating  the  relative  quantity  of  tin  in  mixed  ores,  vanning  is 
extremely  useful 

Independently  of  the  grain-tin,  as  it  is  termed,  the  produce  of 
the  best  stream- tin  ores,  the  block-tin  is  now  divided  into  common 
block-tin  and  refined,  the  latter  by  an  ingenious  process  being 
far  more  free  from  impurities,  such  as  iron,  copper,  arsenic,  or 
earthy  matters,  than  the  former,  and,  consequently,  bearing  a 
higher  price  in  the  market. 

After  being  smelted,  the  tin  has  for  more  than  six  centuries 
paid  a  tax  to  the  earls  and  dukes  of  Cornwall.  Having  been  cast 
into  blocks  that  appear,  judging  from  ancient  blocks  which  have 
found,  to  have  varied  in  size  and  form,  but  which  of  late  have  been 
of  a  rectangular  shape  with  a  bevel,  corresponding  with  the  mould, 
between  the  upper  and  lower  surfaces,  and  weighing  about  334  cwts. 
each,  the  tin,  each  block  being  marked  with  the  smelter's  stamp, 
was  carried  to  certain  towns  for  the  purpose  of  being  coined,  that 
is,  after  having  a  corner  of  each  of  the  blocks  struck  off  and  ex- 
amined by  duchy  officers,  appointed  for  the  purpose,  in  order  to 
see  that  the  tin  was  of  a  proper  quality,  the  blocks  were  stamped 
with  the  duchy  seal,  the  dues  paid,  and  the  blocks  permitted  to 
be  sold.  It  appears  by  the  charter  of  the  lOth  April,  of  the  33rd 
of  Edward  I.  (1305),  to  the  Cornish  tinners  that  the  coinage 
towns  then    appointed    were     Lostwithiel,  Bodmynyan    (Bod- 
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min),  Liskiriet  (Liskeard),  Treueni  (Truro),  and  Helleston.*  In 
1778  tbe  coinage  towns  in  Cornwall  were  Liskeard,  Lostwithiel, 
Truro,  Hekton,  and  Penzance,  the  latter  liaving  been  added  in 
the  time  of  Charles  II.  The  ancient  stannary  towns  of  Devon 
were  Tavistock,  Ashburton,  Chagford,  and  Plymptou,  the 
latter  town  made  such  in  1328,|  and  the  three  former  are  noticed 
as  such  in  a  charter  of  1305,  by  Edward  I.  to  tinners  of  Devon.  ^ 
In  1837  the  coinages  of  the  Duchy  of  Cornwall  were  effected 
at  Morwellham,  in  Devon,  and  at  Calstock,  St.  Austell,  Truro, 
Helston,  Hayle,  and  Penzance,  in  Cornwall,  and  there  would 
then  appear  to  have  been  about  fourteen  tin  smelting-houses, 
exclusive  of  one  or  two  blowing-houses. 

In  the  sixteenth  century  the  coinages  took  place  only  twice 
a-year,  about  Midsummer  and  Michaelmas ;  but  it  appears  from 
Carew  that  in  his  time  post  coinages  were  allowed.^  The  coin- 
ages afterwards  became  quarterly.  According  to  the  charter  of 
Edmund,  Earl  of  Cornwall,  as  quoted  by  Carew,  the  tin  paid  a 
duty  of  a  halfpenny  for  every  pound  weight  when  eoined.§  In 
the  reign  of  Edward  I.  the  duty  was  iSxed  at  4s.  for  every 
hundred  weight  of  coined  tin,  at  which  amount  it  has  since  con- 
tinued. The  duchy  dues  upon  the  tin  coined  in  Devon  have  been 
long  less  than  those  imposed  upon  that  of  Cornwall,  having  been 
only  at  the  rate  of  Is.  6^d.  per  cwt.  By  an  act  of  the  16th  of 
August,  1838,  the  duties  payable  on  the  coinage  of  tin  in  Devon 
and  Cornwall  were  abolished,  and  a  compensation  in  lieu  of  them 
was  given  to  the  duchy,  founded  on  the  amount  of  the  clear  an- 
nual revenue  derived  from  them  for  the  last  ten  years,  and  at  the 
same  time  the  duties  on  the  import  of  foreign  tin  were  reduced, 
and  fixed  at  15j.  per  cwt.  for  tin,  and  at  10^.  per  cwt.  for  tin-ore-'j 

In  1213  the  duty  on  tin,  payable  to  the  Earl  of  Cornwall,  was 
farmed  for  200  marks  for  Cornwall,  and  200/.  for  Devon,  by  which  it 
would  appear  that  the  Devon  mines  were  then  the  most  valuable.^ 

*  A  copy  of  this  charter,  as  also  of  one,  bearing  the  same  date,  to  the  tinners  of 
Devon,  will  be  found  in  the  Appendix,  and  fac-Bimiles  of  their  enrolment  in  the 
Record  Office  at  the  Tower  of  London,  in  plate  13.  Regulations  lespecting  the 
coinage  in  the  time  of  King  John  will  be  seen  by  a  document  of  that  date  also 
given  in  the  Appendix. 

•)■  Lysons'  Magna  Britannia,  Devon,  p.  12,  96,  and  408 ;  snd  Pat.  2  Edward  III' 

I  Survey  of  Cornwall,  p.  14.  ^  Ibid.  p.  16. 

II  This  Act  came  into  operation  on  the  10th  October,  1838. 

^  Lysons'  Mag.  Britannia,  Devon,  p.  cclxxx.,  who  cites  Madox's  Hist,  of  the 
Exchequer. 


Digitized  by  VjOOQIC 


ECONOMIC  GBOLOGir.  587 

By  a  record  of  1337,  the  year  in  which  Edward  the  Black  Prince 
was  created  Duke  of  Cornwall,  it  appears  that  the  average  profit 
of  the  coinage  was  3000  marks  per  annum,  but  that  in  conse- 
quence of  the  tin  raised,  it  was  that  year  equal  to  4000  marks.*  In  the 
same  year  the  profits  for  the  coinage  of  Devon  were  273/.  19j.  5|d.f 
The  coinage  dues  of  the  Stannaries  in  1374  produced  1 ,0 16Z.  1*.  4rf. 
per  annum. J  In  1471  the  quantity  of  tin  raised  in  Cornwall 
was  851,1 161bs.,  and  in  Devon  242,6241bs.,  the  profits  to  the 
duchy  being  1705/.  0*.  5d.  for  the  former  county,  at  4s.  per  cwt., 
and  for  the  latter,  190Z.  17^.  lld^.,  at  the  rate  of  1^.  6fc/.  per 
cwt.  In  1479  the  amount  of  the  coinage  dues  was  166/.  9^.  bj^d, 
for  Devon,  and  1620/.  17*.  lid.  for  Cornwall.  The  profits  of 
both  counties  in  1524  were  27712.  3*.  d^d;  424  tinners  of  Devon 
in  that  year  paying,  in  addition  to  the  coinage  dues,  8d,  per  an- 
num for  white-rent  to  the  duchy.§  In  1602  (44  Queen  Eliza- 
beth), the  tin  coinage  amounted  to  2623/.  9* .  8(/.  in  Cornwall 
and  102/.  17*.  9jg(.  in  Devon.  Accorduig  to  Pryce,  the  annual 
amount  of  tin  raised  in  the  reigns  of  James  I.  and  Charles  I.,  was 
from  1400  to  1600  tons,||  which,  supposing  that  a  proportion  of  \ 
this  produce  may  have  been  firom  Devon,  would  give  from  5000/.  / 
to  6000/.  in  dues  to  the  duchy.  In  the  time  of  Charles  II.  the"^ 
tin  revenues  became  small,  but  during  the  latter  part  of  the  reign 
of  Queen  Anne^  and  in  the  beginning  of  George  I.^  they  had 
again  risen  to  about  1600  tons.^  From  the  statement  of  a  com- 
mittee formed  of  Cornish]  gentlemen  in  1742,  to  report  on  the 
proposals  of  the  Mines  Royal  Company  for  farming  the  tin  for 
seven  years,  it  appears  that  the  average  produce  for  several  years 
past  had  been  about  2100  tons.**  The  tin  revenues  of  the  duchy 
are  stated  to  have  been  about  9620/.  per  annum,  for  the  years 
1799,  1800,  and  1801,  and  in  1814,  about  8500i.  per  annum.ff 

*  Lysont'  Mag.  Britannia,  Corawall,  p.  cciv.  citing  an  extent  of ^ the  Duchy  of 
Cornwall  in  the  King's  Remembrancer's  Office  in  the  Exchequer. 

f  Itid,,  Devon,  p.  cclzzx. 

X  Jbid.,  Cornwall,  p.  ccy.,  and  Roll  of  the  Revenues  of  the  Black  Prince  in  the 
Tower. 

}  Jhid;  Devon,  p.  cclzxz.,  from  Records  of  the  Duchy. 

II  Mineralogia  Cornubiensis,  Introduction,  p.  10.  %  Ibid.  p.  10. 

**  Jbid.  p.  xi.  This  committee  also  reported  that  3/.  9«.  per  cwt.  for  grain-tin,  and 
3i.  5«.  per  cwt.  for  block-tin,  were  the  lowest  prices  at  which  such  tin  could  be  sold 
to  the  contractors,  exclusive  of  all  coinage  dues  and  fees. 

ft  Lysotts'  Mag.  Brit  Cornwall,  p.  ccv. 
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In  1820,  Cornwall  produced  2775  tons  of  tin,*  which  would 
afford  dues  to  the  amount  of  11,080/.;  and  according  to  Lysons, 
the  average  dues  for  Devon  for  six  years  ending  Michaelmas  in 
that  year,  yielded  45/.  17^.  9d.,  so  that  the  coinages  of  1820 
afforded  about  1 1,125/.  17*.  9d.  to  the  duchy.  The  arerage  tin 
revenue  from  1 820  to  the  abolition  of  the  coinage  in  October, 
1838,  has  been  commonly  estimated  at  between  11,000/.  and 
12,000/.,  for  Cornwall  and  Devon. 

It  is  not  easy  correctly  to  ascertain  the  number  of  tons  of  tin 
raised  in  the  duchy  of  Cornwall  from  the  number  of  blocks 
coined,  unless  access  be  obtained  to  accounts  of  the  dues  collected. 
The  weight  in  each  block  has  been  usually  estimated  at  from 
3i  cwts  to  3j  cwts.  Judging  from  documents  in  which  the  number 
of  blocks  and  their  total  weight  is  given,  the  weight  of  each  block 
may  be  taken  at  from  3*34  to  3-35  cwts.  By  multiplying  the 
number  of  blocks  coined  for  the  years  mentioned  in  the  following 
tables  (the  first  taken  from  the  Transactions  of  the  (Jeological 
Society  of  Cornwall,  |  and  the  second  from  the  information  of 
Mr.  John  Taylor),  a  fair  approximation  will  be  obtained  for  the 
number  of  tons  raised  in  those  years. 

An  account  of  the  Annual  Produce  of  the  Tin  Mines  of  the  Duchy  of 
Cornwall  from  1750  to  17  79  inclusive. 


Yeara. 

Block!. 

Years. 

Blocks. 

Years. 

Blocks. 

1750 

18,698 

1760 

17,662 

1770 

19,355 

1751 

14,776 

1761 

15,571 

1771 

18,349 

1752 

16,574 

1762 

16,801 

1772 

20,531 

1753 

16,358 

1763 

17,786 

1773 

18,540 

1754 

17,708 

1764 

16,997 

1774 

15,975 

1755 

17,924 

1765 

17,923 

1775 

17,024 

1756 

18,033 

1766 

19,861 

1776 

17,240 

1757 

17,887 

1767 

18,529 

1777 

18,010 

1758 

17,681 

1768 

17,334 

1778 

16,302 

1759 

17,140 

1769 

18,838 

1779 

17,411 

*  Trans.  Geol.  Soc.  Cornwall,  vol.  ii.  p.  425. 

f  Vol.  ii.  p.  426.    A  table  which  continues  the  annual  produce  to  1821  inditsuei 
without,  however,  the  average  price  of  tin  for  those  years. 
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An  account  of  the  Annual  Produce  of  the  Tin  Mines  of  the  Duchy  qf 
Cornwall  from  1780  to  1838,  inclusive,  with  the  average  price  qf 
common  Tin  per  Cwi.for  each  year. 


Years. 

Blocks. 

Averajje  Price 
per  Cwt. 

Yearn. 

Blooks. 

Averafe  Prioe 
per  Cwt. 

£ 

». 

d. 

£ 

*.     d. 

1780 

19,022 

3 

8 

0 

1810 

12,528 

7 

17     0 

1781 

16,969 

3 

11 

0 

1811 

14,675 

7 

I     6 

1782 

16,548 

3 

12 

6 

1812 

14,606 

6 

8     0 

J  783 

16,705 

3 

17 

6 

1813 

14,306 

6 

14    0 

1784 

17,456 

3 

17 

6 

1814 

16,069 

7 

16    6 

1785 

18,753 

3 

19 

6 

1815 

18,101 

7 

0    6 

1786 

22,096 

3 

19 

6 

1816 

20,608 

5 

14    6 

1787 

20,824 

3 

19 

6 

1817 

25,379 

4 

13    6 

1788 

21,790 

3 

13 

6 

1818 

23,248 

4 

4    9 

1789 

22,132 

3 

8 

0 

1819 

18,881 

3 

15     3 

1790 

20,753 

3 

12 

6 

1820 

17,084 

3 

13    3 

1791 

22,561 

3 

19 

0 

1821 

19,273 

3 

15    8 

1792 

24,763 

12 

6 

1822 

18,731 

4 

15     6 

1793 

20,805 

18 

0 

1823 

24,077 

4 

14    9 

1794 

21,793 

15 

6 

1824 

28,602 

4 

8    0 

1795 

22,353 

13 

0 

1825 

24,902 

4 

11     4 

1796 

19,902 

16 

6 

1826 

26,299 

3 

17    0 

1797 

21,063 

17 

0 

1827 

31,744 

3 

16    0 

1798 

18,332 

14 

0 

1828 

28,178 

3 

13    3 

1799 

18,603 

17 

0 

1829 

25,337 

3 

14    0 

1800 

16,397 

5 

1 

0 

1830 

25,392* 

3 

13     9 

1801 

14,552 

5 

5 

0 

1831 

24,568 

3 

13     6 

1802 

16,420 

5 

8 

6 

1832 

24,702 

3 

12    9 

1803 

18,212 

5 

9 

0 

1833 

23,236 

3 

12    9 

1804 

18,716 

5 

9 

0 

1834 

22,792 

3 

18    0 

1805 

17,139 

5 

12 

6 

1835 

24,160 

4 

11     6 

1806 

17,846 

6 

0 

6 

1836 

23,169 

5 

9    6 

1807 

15,168 

5 

17 

6 

1837 

27,373 

4 

8    0 

1808 

14,5S9 

5 

14 

0 

1838 

29,321 

4 

2    0 

1809 

15,680 

6 

2 

0 

•• 

•  ■ 

•• 

The  following  account  of  the  tin  coined  in  Cornwall  and  Devon 
from  Midsummer  1837,  to  Midsummer  1838,  will  not  only  show 
the  tin  produced  in  the  district,  and  the  relative  quantity  in  each 
county,  but  nearly  also  the  relative  proportion  of  mine  to  stream- 
tin,  the  grain-tin  being  of  the  latter  kind.  To  a  certain  extent 
also  it  exhibits  the  relative  amount  of  tin  raised  within  the  range 
of  each  coinage  town,  it  being  desirable  to  save  the  expense  of 
carriage  as  much  as  possible. 


Coinage  Towns. 

Cabtoek 

Truro 1,345 

Hayle...., 118 

Penzance  ......•.••         t . . . 


CornwaU, 
Grain  Tin. 


Common  Tin. 

393       ... 

o,952       • .  •  • 

5,334       . . . 

12,423       . . . 


Total. 
393  Blocks 
10,297 
5,452 
12,423 
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Devon. 
Coinage  Town                   Grain  Hn.  Common  Tin.  ToUl. 

Monrelham 82       674       ....  756  Block*. 

Making  a  total  of  29,321  blocks,  or  5,130  tons,  of  which  1,545, 
or  about  a  nineteenth  of  the  whole  produce,  are  grain-tin,  and  the 
remainder,  or  27,776  blocks;  common  tin.* 

Copper  pyrites,  or  the  bisulphuret  of  copper,  is  the  chief  ore  of 
that  metal  which  occurs  in  Cornwall  and  Devon,  other 
copper  ores  behig  found  in  comparatively  small  quantities.  Ac- 
cording to  Phillips'  analysis,  a  Cornish  yellow  copper  ore  con- 
sisted of  sulphur,  34-46,  copper,  31*20,  iron,  30-80,  and  earthy 
matter,  1  *  10  ;  and  a  fine  crystal  from  the  United  Mines,  of  the 
specific  gravity  4'  16,  gave  Dr.  Thomson,  sulphur,  34 '655, copper, 
33-640,  iron,  31-535,  and  earthy  matter,  0-555.  This  ore, 
therefore,  contains  nearly  as  much  iron  as  copper.,  when  pure. 
In  the  lodes  it  is  often  mixed  up  with  other  substances,  such  as 
sulphuret  of  zinc,  iron  and  arsenical  pyrites,  quartz,  chlorite,  and 
other  minerals,  so  that  though  considerable  masses  of  the  pure 
ore  may  occasionally  be  seen,  the  bisulphuret  of  copper  is  com- 
monly so  intermingled  with  other  mineral  substances  on  the  large 
scale,  as  to  require  careful  separation  by  dressing  previous  to  sale. 
Borlase  states  that  this  ore  (which  in  1758  sold  from  10/.  to  20/. 
per  ton),  was,  about  the  end  of  the  seventeenth  century,  termed 
podfiTy  and  thrown  away  by  the  miners. f 

The  next  important  Cornish  copper  ore  is  the  sulphuret,  com- 
monly known  as  grey  ore  by  the  miners.  A  fine  crystal  (specific 
gravity,  5*702)  fVora  the  United  Mines,  afforded  to  Dr.  Thomaon, 
upon  analysis,  copper,  77*  16,  sulphur,  20*62,  iron,  1  -45.  Grey 
copper  ore  was  valued  about  the  middle  of  the  last  centuiy,  at 
from  50/.  to  60/.  per  ton. J  Many  variable  compounds  would 
appear  to  pass  in  Cornwall  under  the  name  of  grey  ores,  and  re- 
quire analysis.  From  among  them  tennantite  has  been  separated 
by  Phillips,  who  found  this  mineral  to  be  composed  of  sulphur, 
28 '74,  arsenic,  11-84,  copper,  45-32,  iron,  9-26,  and  silica,  5. 
The  proportions  of  these  substances  in  a  mineral  bearing  this 
name  from  Gwennap,  analysed  by  Mr.  Hemming,  were  some- 

*  The  quantity  of  tiu  imported  into  the  United  Kingdom  for  the  year  ending 
January  5,  1838,  was  1,451  tons ;  and  the  quantity  exported  in  the  same  year,  1,465 
tons ;  so  that  the  import  and  export  were  nearly  the  same,  leaving  the  Sngiish 
produce  of  that  year  for  British  consumption. 

t  Natural  Hist.  Corawan,  p.  205.  *  Ibid.  p.  198. 
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what  different,  being,  sulphur,  21  8,  arsenic,  11*5,  copper,  48 '4, 
iron,  14' 2,  and  silica,  5. 

The  black  ore  (considered  to  consist  of  copper,  79-83,  and 
oxygen,  20*  17,)  is  sometimes  found  in  sufficient  quantities  to  be  of 
importance  in  a  mine.  Pryce  states  that  this  ore  also  was,  in  the 
beginning  of  the  last  century,  thrown  away  by  the  tinners  by  tlie 
name  of  poder*  (dust),  mundic,  or  waste,  and  that  several  thousand 
pounds  worth  of  it  was  formerly  washed  down  into  the  sea  from 
the  old  Pool  mine.f  The  carbonates  of  copper  have  been  rarely 
found  in  Cornwall  and  Devon  in  sufficient  quantities  to  form  a 
mineral  of  much  mining  importance ;  and  the  same  may  be  said 
of  the  red  oxide  of  copper,  and  native  copper.  The  latter  has 
been  found  from  time  to  time,  in  pieces  of  large  size ;  a  mass 
weighing  1 22  lbs.  was  obtained  from  Condorrow  mine,  in  Cam- 
borne.J 

It  would  appear  that  the  Cornish  copper  ores  were  so  little 
understood  towards  the  close  of  the  seventeenth  century,that  persons 
who  then  came  from  Bristol  purchased  them  at  the  rate  of  22.  ]  Os.  to 
4t  per  ton.  About  1718  other  persons  at  Bristol  became  adven- 
turers in  the  Corni?h  copper  mines,  and  Mr.  John  Costar,  who 
is  described  as  being  well  skilled  in  metals,  mechanics,  and  hy- 
draulics, drained  some  considerable  mines  with  success,  §  and 
taught  the  Cornish  a  better  way  of  assaying  and  dressing  their 
copper  ores,||  so  that  copper  mining  efficiently  commenced  in 
Cornwall  about  that  time,  though,  as  Mr.  Came  suggests,  mines 
may  have  been  worked  for  copper  about  1700,  previous  to  which 
this  metal  was  obtained  from  mines  worked  more  especially  for  tin.^ 

*  At  poder  means  dust,  which  irould  ag^ee  with  the  appearance  of  this  friable  ore, 
it  majbe  questionable  how  far  Borlase  may  have  been  correct  in  stating  that  the 
jellow  copper  was  thus  named.  As  potier  has  this  meaning,  may  not  the  name  be 
merely  a  provincial  manner  of  pronouncing  the  English  word  powder  f 

t  Mineralogia  Comubiensis,  p.  62.  Mr.  Carne,  writing  in  1824,  observes,  that 
some  50  years  previously  these  rich  black  ores  were  thrown  aWay  by  the  miners,  from 
ignorance,  at  Wheal  Jewels — ^Tians.  Geol.  Soc. Cornwall,  vol.iii.  p.  44« 

I  Trans.  Geol.  Soc.  Cornwall,  vol.  iii,  p.  333.  Though  native  copper  is  generally 
found  in  Cornwall  at  shallow  depths,  Pryce  mentions  several  tons  having  been 
raised  and  sold  to  the  Cornish  Copper  Company  from  a  deep  situation  in  Cook's 
Kitchen. — Min.  Com.  p.  61. 

§  Costar,  it  appears,  introduced  the  use  of  water-wheels,  of  30  or  40  feet  in  dia- 
meter, instead  of  the  small  wheels  previously  employed. — Pryce,  Min.  Com.  p.  307. 

II  Borlase  Nat.  Hist.  ComwalU  p.  205.  He  further  states  that  «  Mr.  Beauchamp, 
of  Gwennap,  at  this  time  covenanted  to  sell  all  the  copper  which  should  rise  out  of 
a  mine  well  stocked,  fur  20  years,  at  5/.  per  ton ;  and  the  ore  at  Relistian,  in  Gwinear, 
was  covenanted  fur  at  2/.  I  Of.  per  ton." — Jb.  note. 

^  Trans.  Geol.  Soc.  Cornwall,  vol. iii.  p.  44. 
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Borlase,  after  noticing  that  the  richer  sorts  of  ore  were  kept 
together  underground  in  the  copper  mines,  has  presented  us  with 
the  following  account  of  the  manner  of  dressing  the  ores  from 
them  in  his  time,  which  it  is  interesting  to  compare  with  that 
now  adopted,  after  the  lapse  of  80  years  : — 

"  What  comes  from  the  people  below/'  he  says,  "  is  re-examined  as  soon 
as  it  arrives  at  the  mouth  of  the  shaft ;  the  best  is  broken  small  widi  ham- 
mers, which  they  call  gpalling,  or  brought  away  to  the  adjacent  backing 
mills,  where  there  are  men  ready  to  bruise  it  upon  a  rock  with  a  short  bar 
of  iron,  and  thence  carried  to  the  heap  of  best  ore,  and  what  is  not  worthy  of 
the  first  place,  is  laid  by  to  make  another  sortment ;  the  best  small  ore 
(which  consists  of  the  smaller  fragments  of  what  has  been  broken  and  sorted 
before,)  is  then  washed  and  sifted  into  a  tub  or  keeve,  as  near  to  the  shaft  as 
possible  (to  preTent  waste) ;  first  through  an  iron  sieve  or  scarce,  called  in 
Cornwall  the  griddlet  the  meases  about  an  inch  square  ;  here  the  waste,  or 
barren  stone,  by  washing  is  discovered  and  thrown  away,  while  the  copper 
in  it,  sorted  into  best  and  dredged,  (that  is,  streaked,  spotted,  powdered  ore, 
which  requires  a  second  washing,)  and  the  larger  pieces  of  ore  of  each  sort- 
ment are  thus  divided :  what  passes  through  the  griddle  is  taken  up  out  of 
the  keeve,  and  put  through  another  scarce  of  smaller  meash,  called  the  jig- 
ging scarce,  which  has  eight  holes  in  every  square  inch  :  here,  when  it  has 
been  lifted  up  and  down,  and  turned  round  in  the  searce  a  few  times,  (which 
they  call  jigging,)  the  waste  will  all  rise  to  the  top,  and  settle  in  the  middle 
like  small  sand,  and  what  remains  underneath  will  be  clean  ore.  The  poorer 
sort,  which  is  the  streaked  or  dredged  ore,  is  carried  from  the  mine  to  the 
next  adjoining  stream  of  water,  where  in  several  pits  made  for  the  purpose, 
called  ^e  strokes,  it  is  washed  clean.  All  the  richest  bits  of  ore  are  then 
culled  from  the  rest  by  girls  or  boys,  at  the  hire  of  4d.  per  day,  and  the 
poorest  or  most  stony  parts,  which  are  not  fit  to  be  put  with  the  picked  ore, 
are  carried  to  a  stamping-mill,  there  pounded  and  passed  through 
a  rough  grate.  What  ore  remains  in  the  fore-part  of  the  pit,  (into  which  the 
pounded  ore  was  washed  from  the  stamps,)  is  carried  back  to  the  jigging 
searce  and  worked  as  before  mentioned ;  but  what  runs  off  the  hindmost 
part  of  the  pit  and  remains  there  in  the  second  pit,  (similar  to  that  in  the  tin 
pits,)  is  slimy,  and  must  be  trunked,  huddled,  and  tozed,  as  the  slimy  tin.*** 

Twenty  years  subsequently,  in  Pryce's  time,  some  slight  modifications, 
supposing  the  foregoing  description  to  have  been  exact,  would  seem  to  have 
been  effected  in  dressing  copper  ores.  When  brought  to  the  surfiice,or 
grass,  as  the  miners  term  it,  the  larger  were  separated  from  the  smaller 
stones,  and  spalled  or  broken  to  less  size,  and  the  poorer  ores  were  put  aside 
10  be  straked.  When  the  ores  were  raised  and  moderately  dry,  they  were 
griddled  near  the  shaft,  and  the  parts  which  passed  through  the  griddle, 
if  not  then  clean  enough  for  sale,  were  washed,  and  it  appears  that  the  grid* 
died  ores  generally  required  it.  The  strakes  are  described  as  consisting  of 
two  boards  laid  for  a  bottom,  14  inches  in  the  ground,  so  as  to  form  an  in- 

«  Nat.  Hist.  Cornwall,  p.  203. 
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dined  plane,  with  two  sides,  formed  of  one  deal  board  each,  the  whole  resem- 
bling a  shallow  and  narrow  chest,  without  a  cover.  Through  this  ran  a 
somewhat  quick  stream  of  water,  into  which  the  ore  was  thrown  by  one 
person  while  another  moved  it  about  in  the  water,  so  that  the  fine  earthy 
particles  were  washed  into  a  pit  prepared  to  receive  them,  while  the  stony 
part,  from  its  great  volume,  accumulated  at  the  lower  end  or  tail  of  the 
strake-boards,  and  the  better  ores,  by  their  superior  gravity,  and  from  a  pecu- 
liar motion  employed  in  stirring  it  with  a  shovel,  were  retained  towards  the 
head  of  the  strake.  With  the  latter  the  niundic,  or  iron  pyrites,  if  such 
were  mixed  with  the  copper-ores,  would  be  retained,  from  its  gravity  and 
according  to  its  relative  volume.  The  larger  stones  also,  whether  of  the 
waste  or  ore,  were  retained,  and  were  usually  thrown  out  by  the  dresser  on 
one  side  of  the  strake  to  the  pickers,  who  separated  the  better  from  the  rest. 
The  stony  matter  which  accumulated  at  the  tail  of  the  strake  was  put  aside 
to  be  stamped,  as  it  generally  contained  ore. 

The  picked  ores  which  were  solid  and  rich,  more  especially  those  which 
were  first  separated  at  the  mouth  of  the  shaft,  were  broken  with  hammers 
into  the  size  of  a  chestnut  or  less  by  girls,  called  cobbers,  and  the  ore  so 
treated  was  termed  co6^^  ore,  and  fit  for  sale.  The  stony  ores  left  by  the 
pickers,  sometimes  termed  dredge-ore  (from  being  streaked  or  powdered 
through  its  matrix),  and  the  refuse  from  the  cobbers,  were  taken  to  the 
bucking-mill,  a  contrivance  hke  a  wooden  coalscuttle,  placed  on  a  low 
hedge,  with  a  hard-stone  upon  its  lower  and  narrow  end,  upon  which  a 
strong  girl  broke  the  ores  with  a  fiat  hammer,  or  bitcking-iron,  into  the  size 
of  peas  or  beans.  From  the  buckers  the  ores  were  conveyed  to  he  jigged. 
Preparatory  to  jigging  a  kieve  was  half  filled  with  water,  on  the  surface  of 
which  one  person  held  a  coarse  iron  sieve,  of  two  holes  to  the  inch,  while 
another  threw  the  ore  into  the  sieve,  which  the  former  dipped  into  the  water 
and  sUbok  twice  or  thrice,  so  that  the  smaller  part  fell  through  it  into  the 
water  in  the  kieve.  The  portion  that  remained  in  the  sieve  the  workman 
reserved  by  itself  until  he  considered  he  had  a  sufficient  quantity,  when  it 
was  either  jigged  clean,  if  the  ore  contained  in  it  were  sufficient,  or  else  it  was 
picked  and  the  refuse  bucked  over  again,  according  to  the  judgment  of  the 
dresser.  When  the  kieve,  under  the  sieve  noticed  above,  was  almost  full  of 
the  ore  which  had  passed  through  the  meshes,  the  water  was  poured  off  and 
the  ore  taken  out,  and  might  be  again  sorted,  if  thought  proper,  by  passing 
it  through  other  sieves  with  smaller  holes. 

The  jigging-sieve  was  made  of  brass  wire,  with  holes  varying  in  different 
sieves  from  four  to  eight  in  the  square  inch,  as  might  be  considered  best  for 
the  ores  to  be  jigged.  This  was  held  by  the  dresser  in  a  kieve  with  water  in 
it.  and  by  a  kind  of  combined  rotatory  and  vertical  motion  the  ores  and 
other  matters  in  the  sieve  were  made  to  arrange  themselves  according  to 
their  relative  specific  gravities  and  volumes,  so  that  the  part  composed  of 
iron  pyrites  or  copper-ures  attained  the  lower  part  of  the  jigging-sieve.  The 
upper  portions  were  removed  by  means  of  a  piece  of  wood,  named  a  Itmpt 
in  shape  and  size  resembling  half  the  head  of  a  small  barrel ;  and  if  con- 
sidered rich  enough  in  ore  they  were  jigged  over  again.    The  dresser  also 
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took  off  the  good  ore  and  reserved  the  remaining  iron  pyrites,  vfaicb,  from 
its  greater  specific  gravity,  got  to  the  bottom,  until  it  became  of  sufficient 
quantity  to  jig  over  again,  in  order  to  separate  any  copper-ores  which,  from 
their  greater  volume  or  otherwise,  might  be  entangled  among  it.  The  gnvel 
refuse  was  sometimes  straked,  a  very  quick  stream  of  water  being  employed, 
and  the  muddy  portion,  composed  of  the  finer  particles  which  fell  thioogfa 
the  wires  of  the  sieve,  were  cleaned  in  a  tye,  a  contrivance  much  like  the 
strake,  but  through  which  a  very  slow  stream  of  water  was  permitted  to  pass, 
on  account  of  the  fine  particles  on  which  it  had  to  act,  or  else  by  buddlint; 
and  framing  as  with  the  tin-ores.  The  best  ore  being  separated  and  dressed 
by  itself,  the  refuse  went,  at  that  time  as  at  present,  by  the  name  of Aotof, 
and  was  dressed  over  several  times  by  means  of  the  strakes,  stamps,  &e. 

At  present  the  copper-ores,  after  having  been  brought  to  the  sarfute  and 
thrown  into  the  proper  places  appointed  to  receive  the  various  porUons  raised 
from  different  parts  of  a  mine,  are  broken  or  spalled  as  before,  and  divided  iato 
pieces  of  good  ore,  commonly  termed  prills,  dredge-ore  (of  the  same  kind 
as  that  above  noticed),  and  kalvans,  or  leavings.  In  most  of  the  principal 
mines  the  process  of  breaking  the  best  ores  by  bucking  is  discontinued,  and 
the  same  work  is  accomplished  better  and  at  mueh  less  cost  by  means  of 
crushing-machines,  in  which  the  ore  is  crushed  to  the  size  required  between 
iron  or  steel  rollers,  generally  set  in  motion  by  water-power.  As  the  crushed 
ore  falls  from  the  rollers  it  is  received  in  a  steve,.eommonly  inclined  and 
made  cylindrical,  so  that  by  turning  round  on  its  axis  the  larger  pieces  of 
ore  slide  down  to  the  bottom,  while  the  smaller  pass  through  the  wires  of 
the  sieve.  By  these  means  the  pieces  of  ore  which  have  not  been  salB- 
ciently  crushed  are  again  passed  through  the  rollers.  Crushing-machines 
were  introduced  among  the  Tavistock  mines  about  25  or  26  years  since. 

Jigg^i^g  >s  now  also  performed  by  machinery  in  the  better  mines,  and  is 
accomplished  by  converting  the  kieve  into  a  rectangular  chest,  in  which, 
immersed  to  the  proper  height  in  water,  a  rectangular  sieve  is  suspended; 
to  this  sieve  a  vibratory  motion  is  communicated,  usually  by  means  of  a 
water-wheel  acting  on  a  lever  so  adjusted  as  to  produce  it.  The  old  opera- 
tion may  still,  however,  be  seen  in  the  smaller  mines. 

The  ores  are  still  cobbed  and  picked  by  women  and  children,  the  cobbing 
being  usually  executed  by  strong  girls,  for  the  work  is  anything  but  light. 
When  the  ores  are  mixed  with  much  foreign  matter  they  require  to  be 
picked  with  care,  and  to  a  stranger  the  little  picturesque  groups  of  children 
thus  employed,  and  the  practical  judgment  they  have  usually  attained,  are 
generally  subjects  of  interest. 

When  the  ores  are  not  sufliciently  pure  to  be  separable  by  the  eye  and 
hand,  the  remaining  operations  are  all  founded  upon  the  relative  specific 
gravities  of  the  parts  subjected  to  dressing,  and  tliey  are  crushed  or  pounded 
to  various  degrees  of  fineness,  so  as  to  render  the  ore  sought  separable  with 
the  aid  of  water  from  the  other  parts.  Stamping,  therefore,  is  employed 
when  the  ores  are  finely  disseminated  through  the  quartz  or  other  hard 
matters  of  the  lode,  or  when  the  non-metalliferous  portions  of  them  are  so 
hard  that  it  becomes  profitable  to  pound  them*  under  stainp*beads.    Wbeii 
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we  were  In  the  district,  the  steam-stamps  of  Cam  Brea  were  the  largest 
emplojed  for  pounding  copper -ores. 

By  the  union  of  picking,  crushing  in  various  manners,  jigging,  and  wash- 
ing in  buddies,  &Cn  the  ore  is  rendered  saleable.*    Tin-ores,  which  some- 

*  The  mode  of  assaying  copper-ores  in  Cornwall  is  usually  conducted  in  a  some- 
what rough  manner,  and  accurate  results  can  scarcely  be  expected  from  it.  Indeed 
chemistry  has  as  yet  made  little  proji^ss  among  the  assayers  of  Comvall.  The 
process  which  appears  to  be  considered  among  the  best,  for  they  vary  (some  being 
precisely  the  same  with  that  g^ven  by  Pryce  60  years  since),  is  to  take  400  grains 
of  the  sample  of  ore,  pound  it  fine,  sifl  it,  and  place  it  in  a  crucible  to  roast  in  an 
uir-fomace,  keeping  the  ore  stirred  frequently  with  an  iron  rod.  When  the  sul- 
phur is  considered  to  have  been  sufficiently  driven  off  (for  the  ores  are  usually 
either  bisulphurets  or  sulphnretst),  the  ore  is  taken  from  the  fire  and  allowed  to  cool 
gradually  in  the  crucible :  if  then  the  upper  part  appears  red  or  brown,  and  the  under 
part  black,  the  proper  roasting  is  supposed  to  have  been  given.  A  standard  flux 
— composed  of  borax  5  dwts.,  lime  1^  ladleful  (diameter  of  the  ladle  about  |  of  an 
inch,  and  depth  ^  an  inch),  and  powdered  fluor  spar  1  ladle — is  then  mixed  with 
the  roasted  ore  and  put  in  a  crucible,  the  mixture  being  covered  with  salt.  It  is 
then  melted,  and  what  b  termed  a  regai  or  reptile  produced.  This  regnle  is 
thought  good  if  it  will  produce  from  8  to  12  in  20.  The  grey  sulphurets,  the  black 
oxides,  and  the  carbonates,  have  sulphur  added  to  them,  to  ''throw  back  the  ores/' 
as  it  is  termed,  as  they  are  considered  not  to  have  enough  of  it  for  the  purposes  of 
the  assay.  To  fine  this  regule  it  is  pounded  and  roasted  in  a  crucible  until  the 
sulphur  is  considered  to  be  driven  off.  A  flux — of  nitre  3  dwts.,  red  tartar  10  dwtsi, 
borax  5  dwts.,  and  salt  2  ladles — ^is  then  addled,  and  salt  Mprinkled  over  the  top  of  the 
mixture.  Coarse  copper  is  n»w  obtained.  If  this  comes  out  clean,  as  it  is  termed, 
the  assay  is  put  into  a  crucible  without  flux^  and  when  melted  the  crucible  is  taken 
out  of  the  furnace  and  shakA^n  until  the  surface  appears  blue.  A  refining  flux  is  now 
prepared  by  mixing  2  parts  of  nitre  and  1  part  of  white  tartar  in  an  iron  mortar, 
and  stirring  the  mixture  wiih  a  red-hot  iron  until  deflagration  has  ceased.  The 
flux  thus  maile  is  powdered  and  sifted  when  cold,  and  5  dwts.  of  it  are  added  to 
a  ladle  of  salt,  put  with  the  assay  into  a  crucible.  W  hen  all  in  melted  the  copper 
is  pouied  into  one  mould  and  the  slag  into  another.  The  latter  is  again  melted 
with  two  ladles  of  red  tartar,  and  the  small  button  or  priU  of  copper,  now  found,  is 
added  to  that  previously  obtained,  and  the  assay  is  completed.  Such  is  the  kind  of 
process  suppowed  to  give  fair  accurate  assays  of  copper-ores. 

Far  an  exact  assay  the  humid  way  would  be  the  best ;  but,  as  it  requires  both  skill 
and  time,  it  can  scarcely  be  expected  to  come  into  use  at  present  in  Cornwall  and 
Devon.  Good  simple  dry  assays  are  described  by  Dr.  Ure  (Dictionary  of  Arts,  Manu- 
factures, and  Mines,  p.  331)  and  others. 

Berthier  (Traite  des  Essais  par  la  Voie  Seche,  tom.  ii.  p.  474),  describing  assays 
of  the  sulphurets  of  copper  mixed  with  iron  (such  as  the  Cornish  and  Devon  ores 
usually  are),  and  after  noticing  the  roasting,  in  which  it  is  necessary  to  stir  the 
particles  of  ore  continuallj,  so  that  all  should  come  into  contact  with  the  air,  says^ 
'<  When  the  roasting  is  somewhat  advanced  the  heat  should,  from  time  to  time,  be 
increased  to  a  bright  red,  in  order  to  make  the  sulphurets  and  sulphates  net  upon 
each  other,  and  produce  reciprocal  decomposition.  When  sulphurous  acid 
ceases  to  be  disengaged  a  white  heat  should  for  some  minutes  be  produced,  in  order 
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times  are  mixed  with  those  of  copper,  are  commonly  accumulated  at  the 
heads  of  the  tyes  or  buddies,  in  consequence  of  their  greater  specific  gravity; 
and,  when  thought  of  sufficient  quantity  or  value,  they  are  roasted  and 
dressed  as  tin-ores  usually  are ;  any  copper  which  may  occur  in  them  (and 
the  mixed  ores  are  usually  sulphurets  or  bisulphurets  of  copper,  and  perox- 
ides of  tin)  being  extracted  after  having  been  formed  into  a  sulphate  in  the 
roasting-house,  or  when  afterwards  exposed,  by  precipitating  it  from  a  solu- 
tion by  means  of  iron.* 

After  being  dressed,  sampled,  and  sold  at  the  ticketing,  as 
above  noticed,  the  copper-ores  of  Cornwall  and  Devon  (for  none 
are  now  raised  in  Somerset)  are  wholly  exported  to  South  Wales, 
and  are  there  smelted  in  addition  to  copper-ores  from  other  parts 
of  the  United  Kingdom,  and  imported  from  foreign  countries, 
nearly  the  whole  of  which  is  taken  to  the  same  places. | 

The  following  is  an  account  of  the  copper-ores  sold  at  the 
Cornish  ticketings  during  the  year  ending  the  30th  June, 
1838:— + 

to  decompose  the  last  trace  of  sulphate.  When  the  roasting  has  been  coodocted 
with  care,  the  assay,  melted  with  three  or  four  times  its  weight  of  bUck  flux,  wiil 
give  nearly  all  the  copjier  which  it  contains,  and  all  the  iron  will  remain  disiemi- 
nated  through  the  slag,  partly  in  a  metallic  state  and  partly  in  a  state  of  oxide.  If 
the  roasting  has  been  imperfectly  executed  the  slag  or  scoria  will  be  sulphurous, 
and  will  retain  copper  in  combination.  When  the  copper-ore  is  poor,  and  contains 
much  iron,  the  scoria  or  slag  is  always  pasty  (p&tense),  whatever  care  may  betakn, 
and  small  granules  of  copper  will  remain  in  it,  the  weight  of  which  sometimei 
amounts  to  two  or  three  per  cent.  This  loss  may,  indeed,  be  decreased  by  adding 
about  one  part  of  borax  to  the  black  flux,  in  order  to  render  the  scoria  or  slag  more 
liquid ;  but  it  is  preferable,  in  such  cases,  to  assay  by  the  humid  way."  Berthier, 
indeed,  strongly  recommends  the  humid  assay  for  ores  of  this  class. 

*  In  some  mines  these  mixed  ores  are  extremely  troublesome,  and  it  becomes 
difficult  to  determine  whether  portions  of  tht- m  should  be  dressed  for  tin  or  copper. 
Mr.  Came  states  that  one  ton  of  cupper  per  annum  was  obtained  in  this  way  fiuni 
the  mixed  ores  of  Botallack,  about  1821 ,  and  that  this  mode  was  then  practised  {or 
the  mixed  tin  and  copper  ores  at  Dolcoath,  Cook's  Kitchen,  Chasewater,  and  » 
some  parts  of  St.  Agnes. — ^Trans.  Geol.  Soc.  Cornwall,  vol.  ii.  p.  333. 

t  The  improved  process  of  cop^^r- smelting,  aa  practised  at  the  Haford  worb* 

Swansea,  was  published  by  Mr.  I.  H.  Vivian,  M.P.,  in  the  Annals  of  Philooophf 

for   1823.      A   detailed  account  of  the   process   at  present  employed  is  given, 

with    figures,    in  Dr.   Ure's  Dictionary   of  Arts,   Manufactures,  and   Mines,  p« 

18,  &c. 

J  From  Gryirs  Annual  Mining  Sheet  No.  7.    Redruth. 
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MINES. 

Ore  from 
Each  Uine. 

Money  in  each 

Average  Prce 
per  SI  ewt 

21  cwt$. 

£.       «. 

£.    s.    d. 

BuUer  and  Beaochamp,  Wheal    . 

1,983 

11,876  18 

5  19    8 

Botallack          .... 

10 

185  15 

18  11     6 

Buty,  Wheal    .... 

669 

1,802  17 

2  13  10 

Burrow,  Wheal 

390 

868    0 

2    4    6 

Conaolidttttfd  Mines   . 

19,459 

126,211  12 

6    9    8 

Cam  Brea  Mines 

6,918 

41,362  19 

5  19    4 

Carharrack  and  Wheal  Maiden    . 

1,152 

5,003    6 

4    6  10 

Copper  Bottom 
Card  re  w  Con-olg 

652 

3,635     1 

6  11     8 

306 

1,643     9 

5    7    5 

Cook*s  Kitchen 

2,030 

9,909     5 

4  17    7 

Clifton,  Wheal 

86 

270  12 

3    3    0 

Curtut,  Wheal  .         .         ,         . 

127 

662     5 

5     4    3 

Dulcoaih            .         ,         .         . 

2,962 

13,787     8 

4  13     1 

Darlington,  Wheal    . 
Damsel,  Wheal 

540 

3,119  12 

5  15     0 

253 

1,449  19 

5  14    9 

Duilield  Mines 

739 

5,638     0 

7  12    6 

Dast  Wheal  Crofty    . 

8,134 

40,185  12 

4  18     9 

Ea*tPool          .... 

1,957 

15,311     2 

7  16    5 

Ka:jt  Crinnis     .... 

1,033 

7,504  10 

7    5    3 

Ellen.  Wheal    .... 

1,762 

8,695     0 

4  18    8 

Elisabeth,  Wheal      . 

116 

601  10 

5    3    8 

Fowey  Consols  .... 

15,254 

85,434  19 

5  12    0 

Great  St.  (George 

Great  Wheal  Fortune,  &c. . 

5,774 

27,097  17 

4  13  10 

3,143 

19,079     2 

6     1    4 

Gorlrtnd,  Wheal 

498 

3,574  13 

7    3    6 

Great  Wheal  Charlotte        . 

659 

2,340     9 

3  11     0 

Gudolphin         .... 

1,602 

11,963  19 

7    9    4 

Great  Work      .... 

207 

2,033     1 

9  16    5 

H^Uenbeagle     .... 

1,104 

5,010     7 

4  10    9 

Harriet,  Wheal 

.221 

402  16 

1  16    5 

Harmony,  Wheal 

'490 

3,693  14 

7  10    9 

Jewel,  V\  heal  . 

3,317 

20,701     1 

6    4  10 

Jalia,  Wheal     .... 

1,061 

6,166  19 

5  16    3 

Kitty,  Wheal    ... 

50 

466  19 

9    6    9 

Levant 

2,910 

37,070     1 

12  14    9 

Leisure,  Wheal 

1,073 

3,322     7 

3    2    0 

Leeds,  VVhe.a    .... 

474 

2,796  19 

5  18    0 

Maraziou  Mines 

1,659 

9,729     9 

5  17    3 

North  Roskear  .... 

4,310 

24,554  15 

5  13  11 

Oaborae,  Wheal 

llO 

813     1 

7     7  10 

Peiubruke           .... 

196 

1,204  10 

6    2  11 

Providence  Mines 

777 

6,576  17 

8     9    3 

Provideuce,  Wheal     . 

741 

6,055  19 

8    3    5 

Poldice 

815 

4,989  19 

6    2    5 

Prudence,  Wheal 

916 

3,730  19 

4     I     5 

Plenty,  Wheal 

155 

841     4 

5    8    6 

Polbreen           .... 

18 

198    0 

11     0    0 

Kelii>tiau           .... 

2,435 

16,405  19 

6  14     9 

South  Wheal  Basset 

2,039 

10,994    8 

5    7    9 

South  Roskear 

2,517 

11,659  13 

4  12    7 

Stray  Park        .... 

1,132 

6,554     1 

5  15     9 

South  Towan    .... 

1,771 

9,260  19 

5    4    7 

South  Caradon          ,. 

140 

1,198    6 

8  11     2 

Speed,  Wheal  .... 

301 

2,640     1 

8  15     4 

Seton,  Wheal  .... 

112 

821     7 

7    6    8 
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MINES. 


Oreftom 
each  Mine. 


Monev  in  i 
Mine. 


Sydney  Gove     . 

8parrow»  Wheal 

Speam  Moor     . 

Sundry  small  Mines,  &c. 

TresaTean 

Trewavas 

Tincroft   . 

Treasury,  Wheal 

Trenwitb,  Wheal 

Trethellan 

Treleieh  Consols 

TrevasKus 

Tol^uji,  Wheal 

United  Mines 

United  HiUs     . 

Unity  Wood,  Wheal 

Union,  Wheal  • 

Virgin,  Wheal  . 

Vyvyan,  Wheal 

V  or,  Wheal       . 

West  Wheal  Jewel 


21  CWt9. 

88 

134 

14 

1,067 

12,303 

1,073 

1,987 

2,704 

476 

591 

546 

274 

177 

4,359 

4,010 

3,204 

101 

2,936 

225 

62 

198 


£.  ». 
635  16 
570  0 
317  12 


3,906 

1 

76,272 

9 

6,866 

0 

8,327 

5 

13,605 

3 

4,457 

18 

2,324  17 

2,579 

2 

1,928  15 

955 

13 

28,544 

1 

20,691 

4 

17,420 

6 

423  13 

16,768 

13 

982 

4 

391 

5 

701 

16 

Average  Standard— 109/.  3<.    Average  Produee — 7{. 
Aversse  Ptice  per  21  cwt.— 5/.  17«.  6tL     Fine  Copper— 11,527  tons, 4  <wti^  I V' 

17  lbs. 
Amount  of  Money— 857,779/.  11*.    Copper-Ore— 145,688  21  cwts. 

It  will  be  seen,  by  the  foregoing  t^ble,  that  the  value  of  the 
copper-ores  raised  during  the  year  varied  very  materially  j  while 
a  small  quantity  from  Botallack  brought  18Z.  1 1*.  6d.  per  ton  (of 
21  cwt.),  and  another  from  Speam  Moor  22/.  13*.  8d,  per  ton, 
the  ores  from  Wheal  Burrow  only  averaged  21.  4*.  6d.  per  ton. 
Levant  Mine  produced  the  greatest  quantity  of  rich  ores,  their 
average  price  being  12/.  14*.  9d.  per  ton,  and  their  total  value 
for  the  year  37,670/.  Is.  6d. ;  thus  bringing  for  about  Ae  same 
weight  of  ores  more  than  double  the  money  produced  by  the 
Wheal  Virgin  ores,  though  the  latter  sold  at  nearly  the  average 
price  for  the  year.    The  three  mines  producing  the  greatest  quan- 
tity of  ores  and  money  were  the  Consolidated  Mines  (19,459  tons 
of  ore,  worth  126,211/.),  Fowey  Consols  (15,254  tons,  85,435/). 
and  Tresavean  (12,303  tons,  76,272/1). 

The  following  table  of  the  foreign  and  British  ores  sold  al 
Swansea  by  ticket,  in  the  manner  practised  in  Cornwall,  may  b« 
useful  in  showing  the  amount  of  foreign  copper-ore  imported  intc 
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South  Wales  during  the  same  year*^  (also  ending  30th  June^ 
183S),  as  also  the  produce  of  some  of  the  copper-mines  in  Ireland 
and  Wales  for  the  same  time : — 


81  Cwt. 

iff.       1. 

d,- 

£,    t.   d. 

Allihies         .         .         •         • 

4,575 

43,436    0 

6 

9    9  10 

Ballymnrtagh 

6,711 

21,840  16 

0 

3    5     1 

BallTf^han  . 
Chill  Ons     . 

634 

2,322  10 

6 

3  13    3 

5,619 

115,915     1 

6 

20  12    7 

Cobre  Mines 

5,644 

114,406  15 

6 

20    5    4 

Er'"    : 

1,047 

19,475    9 

0 

18  13    4 

1,133 

20,604  11 

0 

18    3    8 

Cnxibane 

2,056 

7,499  19 

0 

3  12  11 

Connoree 

350 

1,552    9 

6 

4    8    8 

Cwm 

23 

194    7 

0 

8    9    0 

DnrflYCoed     • 
KnocJanahon 

400 
6,345 

2,332  17 
^3,561  10 

0 
0 

5  16     7 
8    8    9 

Llandidao      . 

811 

6,909  17 

6 

8  10    4 

494 

2,083    6 

6 

4    4    4 

Lland«gai     . 

66 

469    2 

0 

7    2    1 

Lazey  . 

137 

513    9 

0 

3  15    0 

Mexicaii 

90 

797  13 

0 

8  17    3 

Norway  Ores 

1,591 

18,303    7 

6 

11  10    0 

X^emait          •         t 

74 

494  18 

6 

6  13    9 

Syaania  Dyllaan     . 

116 

1,425    0 

6 

7  13    2 

Sfgan           • 

183 

728  19 

6 

3  19    8 

8oiMlT16f 

362 

1,780    } 

0 

4  13    4 

Ti^ciony 

2,034 

9,354  18 

6 

4  12    0 

UnioD 

446 

1,460    9 

0 

3    5    5 

Valparaim    . 

1,920 

33,859  14 

0 

17  12    8 

Average  Standard~97/.  17<.    Average  Produce— 13f. 
Average  Price  per  21  cwt-^U/.  4«.  Bd.     Fine  Copper— 5,906  toai,  9  cwt,  2  qrs.| 

25  lbs. 
Amoont  of  Money— 48l,323i:  3<.     Copper  Ore— 42,931  21  cwts. 

The  amount  of  copper-ores  thus  sold  in  Cornwall  and  Swansea, 
for  the  year  ending  as  above,  would  amount  to  188,619  tons  (of 

*  The  following  ie  a  comparative  account  (given  in  the  Third  Annual  Report  of 
the  Swansea  Philosophical  Institution,  June,  1838,  p.  48)  of  the  copper-ores  im- 
ported into  the  United  Kingdom,  for  five  years^  ending  1837 : — 


1833. 

1834. 

18S6. 

1836. 

1837. 

teat. 

Tont. 

Toat. 

Toot. 

Tons. 

Liverpool 

3,235 

2,786 

6,696 

7,479 

5,928 

Swansea  •         •         • 

2,562 

4,276 

7,008 

9,074 

12,665 

Uanelly  . 

134 

220 

236 

693 

299 

IjondoB  and  Bristol    . 

1 

19 

5 

1,173 

604 

5,932        7,301         13,945        18,419        19,496 
A  large  portion  of  the  ore  received  at  Liverpool,  and  the  whole  of  that  received  at 
LoodoB  and  Bristol,  wm  tmnsfaipped  in  soMdler  vessels  to  Swansea,  and  there 
snnelted. 
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21  cwts.  each),  estimated  to  contain  17,433  tons  of  fine  copper,  and 
sold  for  1,339,102/.  14y.  The  foreign  copper-ores  are  merely 
introduced  for  the  purpose  of  smeltiug,  and  the  purchasers  of 
such  ores  are  bound  to  export  as  much  copper  as  is  estimated, 
from  assays  made  previous  to  sale,  to  be  contained  in  them; 
hence  the  quantity  necessary  to  be  exported  depends  upon  the 
accuracy  of  such  assays.* 

The  following  account  of  the  receipts  and  expenditure  of  the 
Consolidated  and  United  Mines,  in  Gwenuap,  adjoining  each 
other  and  under  the  same  management,  for  1836,  and  for  which 
we  are  indebted  to  Mr.  John  Taylor,  will  afibrd  an  insight  into 
the  money-transactions  of  one  of  the  largest  copper-adventures  in 
Cornwall : — 

Ton*.  Value.  Lordi'  Dm 

£.  «.     d.  £.      u    i. 

Onan*u^«fn,-«.;«a^  J«f Copper...  18,498J       143,039  12    5       5,959  19  5 

145,717     1     1       6,071  10  6 

Quantitvof  ores  raised  in/ Copper...  2,874  26,272    6  10       1,094  13  4 

the  United  Mines.       (Tin 106  11     0  4   88 

26,378  17  10       1,099   2  0 

Amount  of  Ore-money,  deducting  Dues.    Consolidated  Mines  ...  £139,645  10  7 
,,  ,,  United  Mines   25,279  16  10 

£164,925    7   5 
Total  Ex^n^fo,  the  Year.{Co-U^^...«02.007  12    IJ      i37.tK«  8   . 

Amount  of  Profit  ....     £  26,956  19  t4 


•  The  following 

is  a  statement  of  the  copper,  British  and 

Foreign,  ezpoited  for 

ten  years  ending  ] 

1837,  obtained  from  one  of  Sir  Charles  Lemon's  tables.    Journal 

of  the  Statistical  Society  of  London,  vol.  i.  p.  83  :— 

Yean. 

British  Copper.         "^^^^^  Copper. 

ToUi 
Tone. 

1827 

.     7,171 

7,171 

1828 

.     6,206                        7 

6,213 

1829 

.     7,976                     33-6 

8,009-6 

1830 

.     9,157-7                164-1 

9,321-8 

1831 

.     8,530-6                354-4 

8^885-0 

1832 

.     9,730-6                694-7 

10,425-3 

1833 

.     7,811-6            1,624-6 

9,436-2 

1834       . 

.     8,886-5            1,185-7 

10,072-2 

1835 

.     9,111-2            2,772-8 

11,884-0 

1836 

.     8,076-2            1,939-0 

10,015*2 

1837 

.     7,129-3            5,155-2 

12,284-5 

t  The  profit  up 

on  the  Consolidated  Biines  being  37,637A  18f.6d.,  and  thel^tf 

upon  the  United  Id 

[ines  10,680/.  19f.  2d, 
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Espentn  in  1836. 
Agents'  Salaries  •         •         • 

Tutwork  Bargains 

Baigain  on  Surface,  Wages,  Stems,  &c, 
C4rpenter»,  Masons,  Smithi),  Engineers,  &c. 
Carriage  and  Horse-work 
Materials     ....•• 
Engine  or  Water-coftt  (including  rent  of 
Water,  405/.  13«.)      .... 
Expenses  on  Ores  .... 

Tribute  Subsist,  aud  Balances 
Sundry  Payments  .... 

Doctor  and  Club  (half  to  each)       .         • 


The  undermentioned  articles  are  included  under  the   head  of 
Materials  and  Water-cost,  amounting  to  40,614/.  2s.  4d, : — 


CoDMlidated. 

Unil«d. 

£  3,343  19 

0 

£  1,373  17 

6 

26,177     5 

8 

10,974  11 

4 

2,539    8 

11 

865  17 

7 

3,099    0 

2 

1,696  11 

9 

922    6 

6 

208  12 

8 

15,008    6 

4 

5,222    9 

0 

15,415     7 

4 

4,967  19 

8 

7,803    8 

7 

767  17 

5 

25,030  17 

0 

9,219  12 

3 

1,872    3 

1 

339  19 

4 

795     9 

6 

323    7 

6 

£102,007  12 

1 

£35,960  16 

0 

Coiuolldated. 

United. 

ToUl. 

CoaU    .         .         .         . 

11,817  /DIM. 

3,453  f<Ml«. 

15,270 /oM. 

Iron  of  various  sites 

108    „ 

63     ., 

171     „ 

Candles 

113,916 /6». 

48,228 /^«. 

162,144 /At. 

Gunpowder    . 

64,000    ,. 

18,000    „ 

82,000    „ 

Debenture-timber  . 

49,091  yVr/. 

13,500 /ee/. 

62,591 /«/. 

Yellow  Pine  . 

2,129    „ 

372    „ 

2,501    „ 

American  Oak 

4  • 

31     „ 

31    „ 

Steel  of  various  descrip- 

tions 

135  CIO/. 

28cwi. 

163  cwi. 

TaUow 

375    „ 

148    „ 

523    „ 

Flat  and  round  Ropes      . 

977    „ 

162    „ 

1,139    „ 

192  Hides  of  leather 

8,996  /bt. 

4,497  Ibt. 

13,493 /Af. 

Patent  ^inch  Chain 

3,474 /fiu. 

606 /mt. 

3,080 /mt. 

Pick  and  Shovel  Hilts     . 

13,098  doz. 

3,600  doz. 

16,698  doz. 

Nails  of  various  descrip- 

tions 

91  bag$. 

67  bag,. 

US  bag. 

Engine-shag  and  Polda 

Tey   .         .         •         . 

3,438  yif. 

1,140  yrf.. 

4,578  yA. 

Cod-oil 

269  ffa/8. 

•  • 

269  ga/M. 

Rape-oil 

727    „ 

207  gais. 

934    „ 

Foundry-bill    for  Pumpi 

( 

And  Castings 

£1,735    0    I 

£586  18     1 

£2,321  18    2 

Safety-rods  used  in  blast 

ing,  9rf.  per  24ft. 

262  10    0 

131     5     0 

393  15    0 

Books  and  Stationery 

50    6     7 

16    6    0 

66  12    7 

The  following  is  a  list  of  the  numbers  and  descriptions  of  per- 
sons employed  in  these  mines  in  1836 : — 


Digitized  by  VjOOQiC 


002 


KCONOMIC  GEOLOGY. 


Untied. 

TolaL 

Agents 
Tutwork-meo 

28 
.       441 

9 
198 

37 
639 

Tributers      . 

.       392 

217 

^609 

Surface-men         • 

.       335 

no 

445 

BoyB  underground 
„     surface 

.       109 
.       327 

138 
23 

247 
350 

Females       • 

.       75^ 

114 

869 

2337 


809 


3196 


The  following  was  the  rate  of  wages  paid  in  this  year:—* 


Per  Montli. 

£.   t.    d. 

Tutwork-men      .         .         .  3  11     6 

GHrb  from  12  to  14      . 

PerUoath. 

£.  t.    i. 

.  0  V2   0 

Tributers   .         .         .         .450 
Surface-labooiers         .         .260 
Women  and  Oirls  abOTe  17  .  0  18    0 
Girls  from  14  to  17      .         .  0  15     0 

Girls  from  9  to  12 
Boys  above  12    . 
Boys  below  12    . 

.080 
.  0  13   0 
.090 

For  a  detailed  description  of  these  mines  we  must  refer  to  Mr. 
Burr's  descriptions  of  them  in  the  Mining  Review.f  The  same 
author  has  given  a  very  elegant  small  mining  section  of  the  Con* 
solidated  Mines,  in  his  Elements  of  Practical  Geology,  which  will 
afford  an  excellent  general  view  of  the  chief  lode,  with  its  levels, 
adit,  and  shafts,  as  also  of  the  great  extent  of  these  mines;  which 
are  nearly  two  miles  long,  and  in  th^  greatest  depth  nearly  1800 
feet.  During  about  twenty  years,  underground  operations  in  the 
Consolidated  Mines,  in  sinking  and  driving,  mostly  in  the  solid 
rock,  for  the  sole  purpose  of  discovery,  have  been  executed  to  the 
extent  of  more  than  55,000  fathoms,  or  about  63  miles,  at  an  ex- 
pense which  cannot  have  fallen  short  of  £300,000.  J 

*  As  the  wages  in  this  year  were  higher  than  usual  in  eonseqoence  of  the  gieat 
demand  for  miners,  so  that  it  was  difficult  to  procure  agricultural  lahonrers  in  tba 
mining  districts  during  1836,  the  usual  rate  should  he  estimated  somewhat  lower. 

t  Descriptive  notice  of  the  Consolidated  and  United  Mines,  English's  Mining 
Review,  No.  VII.,  July  1835,  p.  17.  The  machinery  then  employed  in  them  con- 
sisted of  eight  large  steam-engines,  used  in  pumping,  vaiying  firom  90  to  65-inck 
cylinders,  with  a  small  engine  of  30-inch  cylinder,  employed  for  the  same  purpose, 
fluid  of  eight  steam-engines  of  ahout  20-inch  cylinder  used  in  drawing  ore  and  other 
mineral  ikiatter  out  of  the  mines.  There  was  also  a  water-wheel,  48  feet  in  diameter, 
for  pumping,  one  of  about  40  feet  diameter,  for  driving  machinery,  and  fire 
smaller  water-wheels  for  stamping  and  grinding  ores,  besides  horse-whims,  chiefly 
used  in  the  United  Mines. 

I  Burr,  Elements  of  Practical  Geology,  p.  288. 
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The  following  is  a  table  of  the  transactions  of  the  Consolidated 
Mines  for  eighteen  years,  ending  1836 : — * 


1 

Capital 

and  compound 

Interest. 

Cost 

Lord*' 
Duis. 

Value  of 
Uren. 

Tonii  of 
Ore. 

Wage.. 

£ 

£ 

£ 

£ 

£ 

1819 

15,267 

, , 

, , 

•• 

.  i 

1820 

36,644 

. . 

• . 

.  • 

1S21 

18,223 

. , 

,, 

.  • 

1822 

3,506 

, , 

, , 

, , 

, , 

. , 

1823 

3,479 

69,836 

3,478 

83,4?J8 

11,532 

43,716 

1824 

13,001 

84,081 

4,584 

110,036 

14,980 

47,885 

1825 

2,768 

95,451 

4.971 

119,312 

13,379 

53,275 

1826 

1.985 

82,865 

3,848 

92,355 

13,872 

43,200 

1827 

1,726 

81,322 

4,108 

98,60t 

13,637 

41,439 

1828 

1,199 

69,825 

4,013 

96,313 

13,262 

37,568 

1829 

340 

68,177 

3,673 

88,171 

12,578 

38,183 

1830 

Capil&l  MpAid. 

69,897 

3,795 

91,092 

13,512 

39,304 

1831 

•    • 

75,290 

4,310 

103,451 

15,292 

43,410 

1832 

•    • 

83,472 

4,791 

115,000 

15,670 

47,051 

1833 

89,696 

5,967 

143,227 

18,191 

51,844 

1834 

.    . 

68,956 

5,652 

135,670 

20,022 

42,690 

1835 

•    • 

90,216 

5,607 

134,574 

19,619 

53,787 

1836 

•    • 

102,007 

6,071 

145,717 

18,499 

61,257 

214,045 

644,699 

It  may  be  useful  to  compare  the  transactions  of  another  large 
mihe,  the  Fowey  Consols,  with  the  statement  above  made,  more 
particularly  as  it  is  situated  in  another  mining  district  of  Corn- 
wall. Mr.  Austen  Treffry  had  kindly  furnished  us  with  a  state* 
ment  of  these  transactions  for  1836,  but  as  one  for  1837  has 
appeared,  we  have  preferred  giving  the  latter,  as  that  year  was 
one  of  much  less  mining  excitement  than  1836,  though  this  ex- 
citement would  be  little  felt  in  such  mines  as  the  Consolidated,  in 
Gwennap^  or  in  the  Fowey  Consols,  except  perhaps  in  the  cost  of 
wages. 

Toat.     cwt.     qr- 
Quantity  of  ores  raised  in  1837  in  Fowey  Consols  Minesf 16,7)0    Id    0 


Aniouiit  of  proceeds  for  the  ores  sold,  including  carriage-money 

paid  for  the  same k... .«•••«...  .£89,083  15    2 

Total  amount  of  expenses  for  the  year 73,262  16    3 


Amount  of  profit,  1837 £15,820  18  11 

*  From  Sir  Charles  Lemon's  Statistics  of  the  Copper  Miaei  of  Cornwall,  Journal 
of  the  Statistical  Society,  Vol.  I.  p.  77. 

f  The  quantity  raised  in  1836  was  14,006  tons,  producing  from  the  difference  in 
the  price  of  copper,  £97,996  lis.  5d. 
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The  expenses  may  be  divided  under  the  following  heads,  viz. :~  £    s.  (L 

Amount  of  agency,  including  purser  and  clerks 1 ,361    3   6 

, ,         Lords'  dish  or  dues , 4,886    2  II 

,  y        Smithery,  carpentry,  and  rawing 1 ,701  19   0 

,,        Tutwork 16,347  10  10 

,,         Tribute 18,821    7  11 

,,         Sundry  surface  labour  and  sundries 3,392    6    5 

,  f         Charges  on  ores,  including  carriage,  and  sampUng  and 

weighing  fees 6,956    2    0 

, ,         Drawing,  filling,  and  landing 2,229  19    1 

, ,        Parochial  rates 292  16   6 

, ,         Paid  to  sick  labourers,  of  both  sexes,  from  the  sick  club,* 

when  unable  to  work 607   2   0 

, ,        Paid  for  medical  attendance 324  10    5 

, ,        Rent  of  water  and  engine  charge  (exclusive  of  coals)  . .  2,247  12    3 

,,         Store 15,094   3    5 


Total  expenses  as  abovef £73 ,262  16    3 

Under  the  head  of  stores,  the  following  articles  may  be  considered  as  con- 
stituting the  principal  items,  making  the  above  sum  of  15,094/.  Zs.  Sdi— 

Weight.  AmoQBt. 

Tons.  cwt.  qrt.  £       t.   d. 

Coals 1888    14    0     1,770  13    4 

Iron,  of  various  sixes  and  descriptions 106     14    2     1 ,029  18    4 

Steel,  of  various  sizes  and  descriptions 6     18    3     266    0    5 

Patent  flat  and  round  ropes  .......  • 30      7     2     1,074    5    I 

Candles  (6890  dozen  lbs.) 36     18    1     1  777    5    6 

Best  Russia  Tallow  (83  cwts.) 4      3    0     189    1    7 

Gunpowder  (90,100  lbs.) 45      1     0     1  929  12   0 

43  hides  of  leather  (2393  lbs.) 1       1     2     .'  ^224    0    4 

590  fathoms  of  patent  iron  chain 3     18    3     m    6    1 

89  bags  of  nails  of  various  descriptions 6     13     2     155  15  11 

Foundry  bills  of  castings,  &c 114     18     2     1  967  II    1 

Number. 

Debenture  timber  (Dram  and  Longsound).       59,843  feet     2,766  14    7 

Yellowpine 997,,      71  16    6 

Americanoak 835  ,,      125    9    3 

13,802  coils  of  safety  fuze 331,248  ,,      568    6    8 

81 1  dozeu  of  pick  and  shovel  hilts.  ..••...       .                       gj    33 

Engine  shag  and  poldavey I,119yd8.    46  16    1 

CodoU 763gal8 148     7    9 

Rapeoil 136     ,,     49    2  10 

Copper  powder-cans 51  jq    q 

Sieves,  riddles,  and  stamp-grates 124    7    3 

Account-books  and  stationery , 75     4    g 

Sundries  of  various  descriptions , 433  14  n 


£15,094    3    5 
*  Each  miner  in  these  mines  receives  30s.  per  month  during  illness,  and  has  me- 
dical attendance,  with  medicine  provided  for  himself  and  family,  for  the  support  of 
which  a  deduction  of  Is.  9d.  is  made  upon  his  monthly  earnings, 
t  The  expenses,  in  1836,  were  £74,960  58.  lOd. 
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The  following  is  an  account  of  the  agents,  labourers,  and  others  employed 
in  and  on  these  mines : — 

Average 
DetignattoD.  No.  monthly  wages.  Remarks. 

Agents,  &c 14,...  £8    2    0     ....  Agents  8,  clerks  5,  and  store- 

Enf^neer I....  8    8    0                                              [keeper  1. 

Napper  and  dialler  ...       1   •  • . .  8    8     0 

Tributers 340   ....  3 

Tutworkmen 358  ....  2 

Sumpmen 52  ...  •  3 

Boys  underground  ..  •      15  ..    .  0  17    6     ..   Employed  blowing  air-machines. 

D.y  labourer,  ditto..    112....       2  12    o}..^^l^2um. 

Day  &  monthly  labourers  )        Maximum  2/.  3s.  4d. 

at  the  suHace 19'2  . . . .       2     0     1  j  * '  Minimum  1/.  IGs.  lOd. 

Boy.employedatsurface3l2....        1     0    7}  ..  ^^imum  U  l^^^^^^^^ 
Womenandgirls  ditto  309  ....       0  16    3}..  SJ^^^^ o/'stsT* 
1706* 

The  extent  of  these  mines  is  considerable,  numerous  lodes  run- 
ning through  the  sett  for  nearly  two  miles.  Including  the  late 
Lanescot  mine,  which  has  merged  into  them,  they  have  realized 
and  divided  a  profit  among  the  shareholders  of  132,949/.  14^.  3d, 
after  repaying  the  original  outlay  expended  in  bringing  them  into 
a  profitable  state  of  working,  together  with  the  machinery  and 
other  materials  now  on  the  mines,  which,  with  the  balance  in  hand 
in  June,  1838,  exceeded  in  value  50,000/.  f 

In  Pryce's  time,  the  largest  copper  mines  are  described  as  sup- 
porting an  annual  expense  of  30,000/.  for  coals,  candles,  timber, 
leather,  ropes,  gunpowder,  and  various  other  materials,  with  the 
labour  of  men,  women,  children  and  horses,  and  also  including  the 
lords'  dues,  which  he  mentions  as  generally  a  sixth,  seventh,  or 
eighth  part  of  the  whole  proceeds  in  money.J  Mr.  William 
Phillips,  who  visited  Ck)rnwall  in  .1800,  states  that  the  annual  ex- 
penses of  Wheal  Alfred  (a  copper  mine),  for  labour  and  materials, 
were  then  about  63,600/. ;  and  that  the  number  of  men,  women, 
and  children,  amounted  to  1500.§     Tresavean  mine  is  among  the 

*  The  number  of  persons  employed  in  1836  amounted  to  1680. 

i  English's  Mining  Review,  July,  1838,  vol.  iv.  p.  iii. 

X  Mineralogia  Comubiensis,  Introduction,  p.  ix. 

§  On  the  veins  of  Cornwall,  Trans.  Geol.  Society  of  London,  voL  ii.  This  mine 
ceased  working  in  1816.  Game,Trana  Geol.  Soc.  Cornwall,  vol.  iii.  p.  69.  Phillips 
notices  Wheal  Crenver,  Cook's  Kitchen,  and  Dolcoath,  as  the  deepest  mines  in  Corn- 
wall at  that  time,  the  first  being  200  fathoms  deep,  the  second  200  fathoms,  and  the 
thbd  228  fathoms. 
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most  valuable  in  Cornwall ;  the  average  of  its  profits  for  the  last 
five  or  six  years  has  been  estimated  at  from  40,000/.  to  50,000/. 
per  annum.* 

The  following  is  an  account,  by  Pryce,  of  the  copper  ores  sold 
in  Cornwall  from  1726  to  1775,  inclusive: — | 

£.    $.    d.  £. 

473,500 


Ten  Yean' 
Tonnage. 


▲▼crage  Annoal     AvmgeAmiiil 
Tonnage.  AmouBt 


{735}  «4>««« 
I745}  ^^'.^20 
{755}    ^^'790 


7  15  10  . 

7     8    6..  560,106 

7    8    0..  731,457 

7     6     6..  1,243,045 

6  14    6  .      .  1,778,337 

Tlie  subjoined  Table  shows  the  copper  oro5  raised  in  Cornwall 
with  their  value,  from  1771  to  1838,  inclusive: J — 


I765}  1«9'«99 
ml}  264,273 


6,480  . 

.     47,350 

7,552  . 

.      56,010 

9,879  . 

.      73,145 

16,970  . 

.     124,304 

26,427  . 

.     177,833 

Tou» 

Tons 

i 

Tons 

Tons 

i 

Yeara. 

of 

of 

£. 

a 

Years. 

of 

of 

£. 

4 

Ore. 

Copper. 

1 

Oro. 

Copper. 

1771 

27,896 

ru 

189.609 

£.   $. 
81    0 
81    0 

1805 

r«.452 

IV  S4 

862,410 

£  t. 

169  16 

m 

27,965 

189.505 

1806 

T9.S69 

r-,  «3 

-    -45 

•38   5 

27,663 

20 

148.431 

7 

9    0 

1807 

71. 694 

Tn    16 

02 

120   0 

'^t 

30.854 

30 

162.000 

68    0 

1808 

f'7.»«7 

0  ,95 

03 

100  7 

-  -66 

96 

192.000 

78    0 

1809 

:i>J45 

y.m 

28 

14312 

1776 

33 

32 

191.590 

d    01 

1810 

■r47.<»48 

:r.'«2 

-     ■    «1 

13J   5 

1778 

16 

86 

177.000 

77    0 

1811 

t.'u^m 

-.'.48 

.>'-^-42 

126   0 

06 

65 

140.536 

72  0 

73  0 

1812 

T'n.  -10 

T.  /48 

r,.-  ,65 

113   0 

1779 

15 

;34 

I811.9O6 

1813 

^i>.;i3 

^    f.6 

72 

113   0 

1780 

33 

32 

171.231 

83    0 

1814 

.17  .  482 

T     36 

,,^..25 

128   0 

1781 

49 

50 

178,78» 

7   0 

1815 

■,M,i«4 

..    07 

582.108 

121    0 

1783 

22 

96 

152.434 

}    0 

1816 

-.■^,^«8 

7.  '45 

Ml. 737 

109    0 

99 

219,937 

S    0 

1817 

:.^.-i6 

fi.l'-OS 

432.426 

96   0 

1784 
Ilk 

01 

^.92 

209,132 

P    ^' 

1818 

?-:i,-.25 

f;.7i4 

587.977 

121    « 

59 

i.;34 

805.451 

I    0 

1819 

I'i  'J34 

l.-lli 

728.032 

136    0 

1786 

95 

■i.:87 

237,237 

75    0  1 

1820 

^^jrjs 

::m 

620.347 

119    0 

1787 

47 

190.738 

1821 

:»o.i03 

^,163 

628.832 

HI    0 

1788 

■^1,-41 

, , 

150.303 

1822 

106.723 

■>.•■«! 

TT'.^o 

104    0 

1789 

:i;vr:8l 

^ , 

184,882 

1823 

97,470 

E^.i?70 

i]\y  ^^i3 

110    0 

1790 

, , 

, , 

, . 

1824 

102.200 

^."22 

^'^^.l,■^7S 

110    0 

1791 

, , 

,, 

, , 

1825 

110.000 

H.  117 

7^.^-33 

124    0 

1792 

, , 

, , 

, , 

1826 

118,768 

9    140 

7»-  :?0 

123    0 

1793 
1794 
1795 

,, 

,, 

1827 

128,459 

in   150 

;;v.:tM 

U»6    0 

42,816 

, , 

326;876 

1828 

130, 8G6 

U,j61 

7r-.M75 

112    7 

43,589 

, , 

336.189 

1829 

125,902 

9.763 

:-j'^.^<n 

109  14 

1796 

43.313 

4.950 

356.564 

1830 

135.665 

10.890 

7-1  'too 

106  15 

1?^ 

47,909 

5.210 

377.838 

1831 

146.502 

12,218 

-  :  r-io 

99  18 

51.358 

6,600 

422, 6a{ 

1832 

139.057 

12.099 

--.->  -12 

104  14 

1793 

51,273 

4.923 

469,664 

12 

i'  0 

1833 

138.300 

11.186 

<■■■    MS 

110    » 

1800 

55,981 

5.187 
5,267 

550,925 

13; 

i  3 

1834 

143,296 

11.224 

■-■^:.-j\)i 

114    4 

1801 

56,611 

476.313 

ir 

7    5 

1835 

153.607 

12.271 

f.'tj,  J'Jl 

106  U 

1802 

53.937 

5.228 

445,094 

IK 

}  18 

lb36 

140.981 

11,639 

v-c,:52 

115  12 

1803 

60,566 

5.616 

533.910 

12« 

2    0 

1837 

140.753 

10.823 

■>'.'<,  ^il3 

119    5 

1804 

64.637 

5.374 

570.840 

134 

S    5 

1838 

145,688 

11.527 

■.:.:.::-i 

109    3 

*  This  is  a  very  dry  mine,  requiring  comparatively  little  machinery  to  raise  the 
water  from  it ;  and  it  ig  alio  well  situated  on  the  slope  of  a  hill. 
t  Mineralogia  Comubiensis,  Introduction,  p.  xv. 
I  It  is  compiled  up  to  1832,  from  the  Account  of  the  Annual  Prodace  of  the 
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In  1815  Dolcoath  was  the  mine  from  which  the  copper  ores 
produced  the  greatest  amount  of  money  (66,839/.) ;  in  1817,  the 
United  Mines  were  those  which  afforded  the  largest  sum 
(63,1 16/.)*  for  their  ores ;  and  in  1822,  the  Consolidated  Mines 
became  those  whence  the  copper  ores  raised  afforded  the  greatest 
amount  of  money  (in  that  year,  80,311/.);  and  they  have  con- 
tinued to  occupy  the  chief  position  in  this  respect  to  the  present 
time. 

There  is  a  difficulty  in  comparing  the  amount  of  copper  esti- 
mated to  be  contained  b  the  ores  raised  formerly  and  at  present, 
inasmuch  as  these  estimates  have  been  formed  upon  assays  which, 
though  they  may  be  better  now  than  formerly,  have  never  pos- 
sessed that  very  »act  scientific  character  that  could  be  desired. 
That  the  metal  obtained  formerly  from  given  copper  ores  was 
not  equal  to  that  which  is  now  yielded,  is  readily  seen  by  the 
composition  of  old  slags,  many  of  which  have  been  worth  working 
for  the  copper  in  them.f  Pryce  states  that  9000  tons  of  ore 
were,  in  1737,  raised  in  Cornwall.  This  number  is,  probably, 
only  an  approximation,  as  his  account  of  the  tonnage  of  each  year 
appears  to  be  merely  such,  anterior  to  1760 ;  taking,  however, 
this  number  as  a  somewhat  fair  approximation,  and  the  average 
price  per  ton,  as  stated  by  the  same  author,  at  7/.  8*.  6cl.,  we  should 
have  66,825/.  as  the  approximative  value  of  the  copper  obtained 

Copper  Hineti  of  Cornwall,  from  the  year  1771  to  1822,  inclusive,  given  in  the 
Tnns.  Qeol.  Soc.  of  Cornwall,  vol.  ii.  p.  438,  and  from  the  Tables  of  the  produce  of 
the  same  mines  in  ore,  copper,  and  money,  appended  to  different  volumes  of  the  same 
Transactions.  The  remainder  to  1838,  inclusive,  is  from  GrylPs  Annual  Miniug 
Sheet.  The  produce  in  copper  in  1787  and  some  succeeding  years  cannot  be  ascer- 
Uined,  as  also  the  amount  of  ores  raised,  and  of  money  obtained  from  1790  to  1793, 
indiisive.  The  accounts  of  1601  and  the  following  years  are  made  up  to  the  30th 
J'lne  in  each  year.  Some  few  correctious  for  the  standard  are  obtained  from  Sir 
Charles  Lemon*s  Tables  in  vol.  i.  p.  69  of  the  Journal  of  the  Statistical  Society  of 
London. 

*  In  1818,  the  value  of  the  ores  raised  from  these  mines  was  £88,541. 

f  According  to  M.  Strom,  State  Officer  of  Mines  in  Norway,  the  slags  now  wholly 
thrown  away  at  the  copper  works  at  Swansea,  and  taken  indiscriminately  for  exami- 
c&tion,  contain  30  per  cent,  more  copper  than  the  average  slag  at  Roros,  in  Norway. 
Be  considem  that  copper  to  the  amount  of  3  lbs.  per  ton  of  ore  is  gaiued  by  the  pro- 
res  adopted  in  the  latter  place ;  but  states  that  he  does  not  know  how  the  loss  could 
•«  avoided  by  the  English  method,  except  at  an  increased  expense.  (English's 
Maing  Review,  vol.  iii;  p.  67.)  Judging  from  the  old  slags  at  Chasewater  mine, 
'•!)«  loss  sustained  by  the  mode  of  conducting  the  smelting  there  about  60  years 
^iQce  muitt  have  been  very  conviderable,  even  grains  of  metallic  copper  were  thvn  left 
• '  the  slag. 
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in  that  year.  By  the  comparing  this  with  the  value  of  the  ores 
raised  in  1837,  we  find  that  the  value  of  the  copper  produce  of 
Cornwall  has  increased  more  than  thirteen  times  and  a  half  during 
the  century  ending  in  that  year.  If  we  compare  the  produce  of 
1787  with  that  of  1837,  we  obtain  for  the  half-century  an  increase 
in  the  same  value  of  four  times  and  two-fifths  nearly. 

Though  it  would  appear  that  copper  was  raised  in  Devon  early 
in  the  last  century,  it  was  not  until  the  commencement  of  tbe  pre- 
sent century  that  the  copper- mines  in  that  county  became  impor- 
tant. The  following  table  will  show  the  ore  and  metal  raised, 
chiefly  from  the  mines  near  Tavistock,  between  1801  and  1837. 
inclusive,  with  the  exception  of  one  year : — * 


Years 

Ore. 

Metal. 

Years. 

Ore. 

Metal. 

Tons.  Cwt« 

ToDg.  Cwts. 

Tons. 

Ton».Cwti. 

1801 

....  1078 

18 

....  136  6 

1820  .... 

4037 

....  463  11 

1802 

....  2204 

6 

....  252  12 

1821  .... 

.... 

....  483  0 

1803 

....  2486 

0 

....  288  4 

1822  .... 

5064 

....  562  9 

1804 

....  2578 

17 

....  283  16 

1823  .... 

5250 

....  557  5 

1805 

....  3832 

16 

....  332  0 

1824  .... 

5483 

....  531  11 

1806 

....  4542 

13 

....  412  0 

1825  .... 

5732 

....  578  2 

1807 

....  3916 

5 

....  394  15 

1826  

5126 

....  496  17 

1808 

....  3308 

3 

....  346  6 

1827  .... 

4450 

....  472  16 

1809 

....  3206 

7 

....  364  19 

1828  .... 

3911 

....  431  12 

1810 

....  3747 

2 

....358  1 

1829  .... 

3160 

....  318  0 

1811 

....  8540 

0 

....  323  13 

1830  .... 

4034 

....  365  15 

1812 

....  5321 

1 

....  506  15 

1831  .... 

3721 

....  311  0 

1813 

....  5020 

3 

....  475  10 

1832  .... 

2940 

....  248  0 

1814 

....  5743 

3 

....473  5 

1833  .... 

3403 

....  307  0 

1815 

....  4691 

5 

....  371  10 

1834  .... 

4763 

....  395  0 

1816 

....  3650  14 

....  319  5 

1835  .... 

5114 

....  455  0 

1817 

....  3390 

8 

....  287  2 

1836  .... 

5759 

....  531  0 

1818 

....  4053  15 

..  .407  16 

1837  .... 

6328 

....  527  0 

1819 

....  3776  20 

....  374  16 

The  produce  of  the  ores  will  be  observed  to  have  varied  from 
about  8-2  to  11 '2  per  cent.,  and  to  have  been  frequently  9  and  10 
per  cent.  Their  value  was  12,878/.  in  1801  ;  50,714/.  in  1806 ; 
31,517/.  in  1811;  26,270/.  in  1816;  and,  judging  from  the  sales 
of  the  Cornish  ores,  40,793/.  in  1822;  34,U1/.  in  1827;  17,132/. 
in  1832  ;  and  44,242/.  in  1837. 

In  1811  there  would  appear  to  have  been  only  seven  copper 
mines  yielding  ores — viz.,  Wheal  Friendship,  1 10  tons  ;  Wheal 
Crebor,  (near  Tavistock,)  1308  tons ;  Crowndale,  863  tons  ;  East 
Crowndale,  913  tons ;  Ding  Dong,  250  tons  ;   Wheal  Hope,  6 

*  This  tabW  is  compiled  from  that  commuDicated  by  Mr.  John  Taylor  to  the  Lysoos, 
Mag.  Brit.  Devon.,  p.  cclsxxii.,  containing  the  years  from  1801  to  1820,  inclusive; 
and  from  information  kindly  sent  to  us  by  Mr.  John  Taylor,  respecting  the  produce 
from  1822  to  1837,  inclusive.  Tbe  produce  for  1S21  is  taken  from  the  Trans.  Geol. 
Soc.  Cornwall,  vol.  ii.  p.  443. 
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tons ;  and  Wheal  Hockworthy,  10  tons.*  Wheal  Friendship 
has  been  working  shice  the  end  of  the  last  century,  and  is  still 
an  important  mine.  This  and  Wheal  Franco,  also  near  Tavistock, 
are,  at  present,  the  most  considerable  copper  mines  in  Devon ; 
Bottle  Hill  mine,  near  Plympton,  being  chiefly  worked  for  tin. 
One  of  the  oldest  copper  mines  in  Devon  would  appear  to  be  that 
formerly  worked  near  North  Molton,  the  ore  from  which  is  de- 
scribed as  having  been  plentiful  in  1729,  and  to  have  brought 
6/.  10s.  per  ton.  It  was  abandoned  before  1778,  and  again  re- 
opened, without  success,  in  1813. f 

The  copper  adventures  of  West  Somerset  appear  never  to  have 
become  of  much  value.  The  chief  workings  seem  to  have  been 
at  Doddington,  on  the  N.  E.  of  the  Quantocks.  The  ores  raised 
here  were  principally  carbonates ;  and  Mr.  Leonard  Horner  has 
pointed  out,  that  green  and  blue  carbonates  of  copper  were  first 
worked  in  the  red  sandstone  conglomerate  down  upon  the  lode  in 
the  grauwacke  beneath. J  Shafts  have  been  sunk  at  other  places, 
such  as  Grabbist  Hill,  near  Minehead,  but  without  any  profitable 
return.     Copper  is  not  raised  in  Somerset  at  present.  § 

The  metal  next  in  importance,  and  raised  in  the  district,  is,  at 
present,  manganese.  The  mines  which  produce  it  are  mostly 
shallow,  and  we  are  not  aware  of  any  in  which  more  than  a  com- 
mon horse-whim  is  required  for  raising  the  ore.  Common  hand 
winzes  are  often  sufficient,  and  are  most  frequently  employed. 
The  chief  manganese  mines  now  in  work  are  found  in  the  vicinity 
of  Tavistock  and  Launceston.  According  to  Lysons,  manganese 
was  first  raised  in  Devon  about  the  year  1770,  at  Upton  Pyne, 
near  Exeter,  the  ore  from  which,  with  two  other  mines  of  less 
consequence,  upon  the  same  lode,  at  Newton  St.  Cyres,  for  many 
years  supplied  the  United  Kingdom  with  this  article.  After  its 
use  in  bleaching  became  established,  the  consumption  of  manganese 
became  considerable.  As  the  mines  at  Upton  Pyne  and  Newton 
St.  Cyres  became  exhausted,  (the  latter  failed  in  1810,  and  the 
former  some  little  time  afterwards,)  many  ores  were  found  and 
raised  at  Doddescombleigh,  Ashton,  Cristow,  and  other  places  in 

*  Ijysons,  Mag.  Britannia,  Devon,  p.  cclzxxiii,  where  a  long  list,  by  Mr.  John 
Taylor,  of  Devon  copper  mines  abandoned  before  1815,  will  be  found. 

•^  /%.  p.  cclxxxv. 

X  T*ranfl.  Geol.  Soc.  London,  vol.  iii.  p.  352  &  363. 

^  It  appears  that  28  tons  of  copper  were  obtained  from  Somersetshire  in  the  year 
ending  30th  June,  1 821:    Trans.  Geol.  Soc.  Cornwall,  vol.  ii.  p.  443. 
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that  neighbourhood.  About  1815,  the  manganese  mines  in  the 
neighbourhood  of  Launceston  and  Tavistock  were  discovered  and 
worked.*  Those  in  the  north  of  Devon  have  hitherto  produced 
comparatively  little  manganese.  Borlase  notices  manganese  as 
raised  on  the  Tregoss  Moors  in  1754;  and  mentions  its  use  in 
glass-making, f  for  which,  and  in  the  manufacture  of  Egj-plian 
ware  in  Staffordshire,  it  was  wholly  employed,  until  it  came  into 
use  for  bleaching.  Manganese  was  recently  raised  near  Tres- 
weeta,  in  the  vicinity  of  St.  Stephen's.^ 

Although  several  ores  of  manganese  occur  in  the  district,^  py- 
rolusite,  or  grey  and  black  ore,  containing  from  70  to  99  percent. 
of  peroxide  of  manganese,  combined  with  variable  quantities  ot 
siliceous  and  aluminous  earths,  oxide  of  iron,  &c.,  is  that  wbich 
forma  nearly  the  whole  of  the  manganese  ores  raised  in  Devon 
and  Cornwall. 

The  quantity  of  manganese  shipped  from  Exeter  from  1804  to 
1810  amounted  to  about  3000  tons  per  annum.  According  to  Mr. 
E.  Williams,  twelve  mines  in  Devon,  which  he  enumerates,  pro- 
duced 1911  tons  of  manganese  ore  in  1821.  In  the  same  year. 
2212  tons  of  this  ore  were  shipped  from  Plymouth,  and  the  ex- 
port was  then  increasing,  1336  tons  only  having  been  exported  in 
1819. II  It  is  difficult  to  obtain  a  fair  approximation  to  the  quan- 
tity now  raised  in  the  district,  but  it  is  usually  estimated  at  about 
5000  tons  per  annum.  This  annual  produce,  taking  the  value  of 
the  ton  to  be,  on  the  average,  8/.,  would  give  40,0C0/.  for  the 
value  of  it. 

Lead  has  often  been  profitably  raised  in  the  district,  but  at  pre- 
sent little  is  produced.  Mr.  John  Taylor  states  that  only  about 
140  tons  were  obtained  in  1835  from  the  Devon  and  Comi?h 
mines ;  Wheal  Betsy,  near  Tavistock,  having  produced  40  tons.^ 

*  Mag.  Britannia,  Devon,  p.  cclxxxix. 

t  Nat.  Hist.  Cornwall,  p.  130. 

X  In  fact,  this  mine  is  on  a  cross  course  chiefly  filled  with  hematite  iron  ore,  the 
manganese  generally  occurring  as  small  branches  running  in  from  the  sides.  Out 
of  this  district,  in  the  vicinity  of  Wrington,  Somerset,  we  have  lately  seen  a  lode 
(east  and  west)  in  the  carboniferous  limestones,  about  3  feet  broad,  in  which  f^ooi 
oxide  of  manganese  occupied  the  south  side,  and  rich  hematite  iron  ore  the  north  tide. 

}  Braunite  is  found  near  Launceston,  Psilomelanite  at  Upton  Pyne  and  ne^r 
Launceston,  Biitilicate  of  manganese  near  Tavistock  and  Gallington,  &e. 

II  Lysons,  Mag.  Britannia,  Devon,  p.  ccxe. 

^  English's  Mining  Review,  February,  1837,  p.  36.  The  lead  produced  in  Gk&x 
Britain  and  Ireland  in  1835,  Mr.  Taylor  estimated  at  46,1 12  tons 
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This  latter  mine,  North  Wheal  Tamar,  between  Launceston  and 
Tavistock,  a  mine  near  Lamerton,  (on  the  west  of  the  latter  place,) 
and  the  Combe  Martin  Mines  in  Devon,  Treburget  Mine  near 
St.  Teath,  a  little  Mine  near  St.  Merryn,  East  Wheal  Rose  in 
Newlyn  Downs,  Wheal  Hope  and  the  Goonhavem  Mines  near 
Perranzabuloe,  and  Wheal  Rose,  Wheal  Penrose,  Wheal  Unity, 
and  Wheal  Saturn,  near  Porthleven,  in  Cornwall,  were  all  which 
we  found  working  in  the  district.  The  produce  of  the  whole  of 
them  would  scarcely  amount  to  180  tons. 

Borlase  mentions,  in  1758,  that  lead  mines  had  anciently  and 
lately  been  worked  in  Cornwall,  and  that  those  most  noted  for- 
merly were  Penrose,  Penwerty,  Trevascus,  Relistian,  and  Guarnek 
(Garras).  He  states  that  the  Penrose  Mines  (near  Helston), 
had  been  wrought  for  about  200  years,  that  is,  from  about  the 
middle  of  the  sixteenth  century,  and  that  they  had  yielded  tolerable 
profit  within  30  years.*  The  only  lead  mine  worthy  of  note  at  work 
in  his  time  was  at  St.  Issy,  near  Padstow.f  Pryce  describes  the 
lead  ore  of  Garras,  near  Truro,  to  have  been  so  argentiferous, 
that,  when  wrought  about  1720,  it  produced  100  oz.  of  silver  in 
the  ton  of  lead.  J  Wheal  Pool,  near  Helston,  about  1790,  yielded 
from  40  to  50oz.of  silver  per  ton  of  lead;  and  works  were  erected 
for  extracting  the  silver.  The  lead  ore  of  Wheal  Rose  contamed 
60  oz.  of  silver  per  ton.§ 

In  Devonshire,  the  Combe  Martin  and  Beer  Alston  Mines 
have  long  been  celebrated  for  their  argentiferous  lead  ores.  It  is 
stated  that  the  produce  of  these  mines  was  unusually  great  in  the 
reigns  of  Edward  I.  and  Edward  II.  In  1293  William  de 
Wymundham  accounted  at  the  Treasury  for  270  lbs.  of  silver 
raised  inDevon.  In  1294  it  amounted  to  52U.  lOs,  weight;  and 
in  1295,  to  704/.  3^.  Id  weight.  In  1296  great  profit  is  stated 
To  have  beei  derived  from  the  Devon  mines ;  and  360 
miners  were  impressed  out  of  Derbyshire  and  Wales  to  work  in 
them.||     In  1360,  a  writ  was  issued,  authorising  certain  persons 

•  Nat.  Hist.  Cornwall,  p.  210. 

*  Nat.  Bist.  Cornwall^  p.  212. 

^  Mineralogia  Cornubiensis,  p.  58.  This  mine  was  re-opened  in  1814,  and  con- 
tinued two  years  in  work.  Durin^]^  that  time  it  produced  800  tons  of  argentiferous 
le&d  ore,  containing  13  parts  in  20  of  lead,  the  lead  yielding  70  os.  of  silver  per 
ton. — Came,  Geol.  Trans.  Cornwall,  vol.  1.  p.  120. 

4  Came, on  the  discovery  of  silver  in  the  mines  of  Cornwall. — ^Trans.  Geol.  Soc. 
Cornwall,  vol.  i.  p.  119. 

.    Lysons,  Magna  Britannia,  Devou,  p.  cclxxxv. 

2r2 


Digitized  by  VjOOQiC 


612  ECOKOM IC  GEOLOGY . 

to  take  up  as  many  miners  and  workmen  as  should  be  necessary 
to  work  in  the  King  s  mines  in  Devon,  allowing  them  reasonable 
wages,  according  to  the  custom  of  the  country ;  to  arrest  and  im- 
prison such  as  should  resist,  till  they  should  give  security  to  serve 
the  King  in  the  said  mines,  and  to  buy  and  provide  timber  at  a 
competent  price.* 

Henry,  Bishop  of  Winchester  and  Cardinal  of  England,  as  one 
of  the  executors  of  John,  Duke  of  Bedford,  who  had  a  grant  from 
the  King  of  the  gold  and  silver  mines  of  Devon  and  Cornwall, 
rendered  261bs.  and  2  oz.  weight  of  pure  silver,  as  the  15th  part 
of  the  pure  silver  raised  in  those  counties  from  15th  December, 
21st,  to  16th  August,  23d  of  the  same  King's  reign.| 

The  Combe  Martin    Mines  were  re-opened  in  the  reign  of 
Elizabeth.     The  working  of  these  mines    was  strongly  recom- 
mended to  the  Long  Parliament  in  1659;  but  Lysons  observes 
that  they  do  not  appear  to  have  been  again  worked  until  the  close 
of  that  century,  and  then  without  success.     In  1813,  they  were 
again  opened  and  worked  for  4  years,  producing  only  208  tons  of 
ore  in  that  time. J    In  1837  they  were  again  worked,  and  we  had 
an  opportunity  of  observing  that  the  previous  mining  operations 
presented  every  appearance  of  having  formerly  been  very  unskilfully 
managed.     The  two  lodes  near  Bear  Alston  have  produced  large 
quantities  of  argentiferous  galena,  often  containing  from  80  to  120  ox. 
of  silver  per  ton  of  lead.     According  to  Mr.  Hitchings,  the  greatest 
quantity  which  occurred  in  that  part  of  them  named  the  Soudi  Hooe 
Mine,  was  ]40oz.  of  silver  per  ton  of  lead.§     In  1784  and  17S5 
the  silver  produce  of  these  mines  amounted  to  6500  oz.[|    From 
Wheal  Betsy,   near  Tavistock,  which  was  re-opened  in  1806, 
from  300  to  400  tons  of  lead,  and  from  4000  to  5000  oz.  of  silver. 
were  annually  obtained  about  15  years  since.     The  produce  of 
this  mine,  as  we  have  seen  above,  is  now  greatly  reduced. 

Independently  of  the  silver  contained  in  argentiferous  galena, 
other  silver  ores  and  native  silver  have  been  obtained  in  market- 
able quantities  in  Cornwall.  The  silver  raised  at  Herland  Mine, 
Gwinear,  in  the  beginning  of  the  present  century,  produced  about 

*  lb.  p.  cclxxxvi.  and  Pat.  Rot.  Edward  III.  A  great  number  of  grants  to  ▼ariouf 
persons  for  working  the  Devon  mines,  is  quoted  by  Lysons,  from  old  records.  B; 
one  of  1384,  tithe  was  to  be  paid  to  the  Church,  and  one-niuth  to  the  King. 

\  Pluwden's  Reports.     Great  Mining  Cabe,  9  &  10  Elizabeth. 

{  lb,  p.  cclxxxvii.        ^  lb.  p.  cclxxicviii.         ]]  lb. 
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8000/. ;  and  the  ores  consisted  of  native  silver,  arsenlet  of  silver, 
and  sulphuret  of  silver,  (vitreous  silver,  and  black  or  goose  dung 
ore  of  the  Cornish  miners).*  About  1810,  silver  ores,  to  the 
value  of  2000/.,  were  raised  in  Dolcoath.  At  Wheal  Duchy,  or 
^Vheal  Brothers,  near  Callington,  native  silver,  ruby  and  grey 
silver  ores,  and  the  black  sulphuret,  have  been  raised.  About 
1812,  the  value  of  3000/.  of  silver  was  obtained  from  this  mine  ;f 
and,  lately  also,  silver  ores  have  been  raised,  but  of  what  value  we 
have  not  heard.  Silver  ores  have  been  obtained  in  other  mines, 
usually  in  sufficient  quantities  only  to  supply  the  demands  of 
niineralogical  cabinets. 

Gold  has,  at  different  times,  been  discovered  in  the  tin  stream 
works.   "  Tynners,"  says  Carew,  "  doe  also  often  find  litde  hoppes 
of  gold  amongst  their  owre,  which  they  keep  in  quils,  and  sell  to 
the  goldsmithes,  often  with  little  better  gaine  then  Glaucus  ex- 
change." J     The  practice  of  putting  the  grains  of  gold  found  by 
the  stream  tinners  into  quills,  still  continues.  We  have  seen  them 
thus  brought  to  Truro,  where  the  gold  is  made  into  wedding 
rings,  and  small  articles  of  jewellery.     The  gold  thus  obtained, 
chiefly,  however,  finds  its  way  into  mineralogical  cabinets.     It  is 
stated  by  Beare,  that  in  Queen  Elizabeth's  time,  •'  two  blocks  of 
tin,  carried  by  one  Mr.  Robert  Davy,  to  Bordeaux,  were,  by  two 
Florentine  merchants,  valued  to  be  worth  all  the  rest  of  the  tin 
there,  by  reason  of  the  gold  contained  in  them."§     Rings  and 
seals  have,  at  various  times,  been  made  of  this  gold ;  some  of  old 
date  are  still  preserved  in  Cornish  families.     Borlase  mentions, 
that  in  1753,  some  persons  streaming  for  tin,  in  St.  Stephen's, 
Branel,  found  gold  so  plentifully  mingled  with  the  tin,  that  the 
smelter,  Mr.  Walter  Roswame,  taking  the  gold  at  first  for  mundic, 
or  copper,  blamed  the  tinners  for  not  having  roasted  or  burnt  the 
ore   before  it  was  brought  for  sale.     The  tinners  who  found  this 
^old  were  considered  to  have  derived  much  profit  from  it,  and 
search  was  made  for  the  same  metal  by  others.    Borlase  describes 
It  as  having  been  found  in  the  parishes  of  St.  Ewe,  Creed,  St. 
Stephen's,  St.  Mewan,  Probus,  Kenwyn,  and  other  places  ;  and 

*  Game,  Trans.  Geol.  Soc.  Cornwall,  vol.  i.  p.  122. 
t  /*.  p.  123. 

I  Survey  of  Cornwall,  p.  7. 

^  MS.  by  Beare,  of  that  date,  in  the  poflsessicn  of  Pryce,  entitled  **  The  Bailiff  of 
BUckiiioor.''~Mineralogia  Cornubieosis,  p.  52. 


Digitized  by  VjOOQIC 


614  ECONOMIC  GEOLOGY. 

mentions  that  the  largest  piece  he  had  seen,  weighing  15  dwts. 
3  grs.,  was  found  in  1756,  and  was  then  in  the  possession  of  Mr. 
Lemon,  of  Carelew.  It  was  found  in  the  parish  of  Creed,  near 
GrampounA*  Sir  Christopher  Hawkins  notices  the  mixture  of 
gold  and  tin  in  the  Ladock  stream  works,  in  the  latter  part  of  the 
last  century,  f  Among  the  various  stream  works  in  Cornwall 
where  gold  has  been  discovered,  and  it  has  been  found  in  many 
in  various  parts  of  the  county,  those  at  Ladock  and  Camon  (at 
the  head  of  Restronget  Creek,  in  the  Falmouth  estuary,)  seem 
to  have  produced  the  largest  pieces.  Several  fine  specimens  of 
Cornish  gold  are  in  the  celebrated  mineral  collection  at  Scorrier 
House,  near  Redruth.  Gold  is  stated  to  have  been  found  among 
the  tin  stream  works  of  Dartmoor ;  and  it  has  been  discovered  in 
grains  and  small  plates  among  hematite  iron  ore,  in  a  lode  at  the 
copper  mine  in  North  Molton.J 

Respecting  cobalt,  it  appears  that,  in  1754,  the  Society  for  the 
Encouragement  of  Arts  and  Useful  Discoveries,  awarded  a  pre- 
mium of  30/.  for  the  best  cobalt  found  in  England,  to  Mr.  Beau- 
champ,  who  obtained  some  in  Gwennap.  The  same  lode  contained 
bismuth,  which  was  thrown  away,  until  Dr.  Albert  Schlosser,  who 
visited  the  mine  in  1775,  separated  the  cobalt  from  the  bismuth. 
and  preserved  both.§  The  cobalt  was  discovered  in  a  branch  of 
of  a  lode,  while  driving  an  adit  upon  Pengreep  estate,  but 
did  not  hold  in  depth.[|  Pryce  mentions  that  cobalt  had  been  then 
found  at  Wheal  Trugo  (near  St.  Columb  Major),  at  Dudman  s 
Mine  (in  lUogan),  at  a  mine  near  Ponsnooth  (in  Perran  Arvor- 
thall),  and  in  Dolcoath.  That  discovered  at  Wheal  Trugo  was 
found  in  a  vein,  from  4  to  6  inches  thick,  where  it  crossed  a  copper 
lode,  but  continued  only  for  a  short  distance.  It  was  considered 
to  be  worth  about  60/.  per  ton.^  Cobalt  has  been  since  discovered 
in  a  cross  course,  and  adjoining  a  copper  lode,  at  Wheal  Spanion. 
near  Redruth.     We  have  seen  very  good  cobalt  both  from  the 

♦  Nat.  Hist.  CornwaH,  p.  214. 

t  Trans.  Qeol.  Society  Corawall,  voL  i.  p.  285. 

I  Egbert  Were  Fox,  MS.,  and  the  Lysons..  Majf.  Britannia,  Devon  (182*2).  p 
ccbLvii.,  who  mention  that  Mr.  Flaxman,  of  South  Molton,  had  there  foand  it«f 
late. 

§  Borlase,  Nat.  Hist.  Cornwall,  p.  130. 

II  Pr>ce,  Mineralogia  Cornubiensis*  p.  50. 
^  Mioeralogia  Comubiensis,  p.  50. 
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latter  mine  and  Dolcoath.  Hitherto  this  valuable  metal  has  not 
l)een  discovered  in  sufficient  quantities  to  produce  much  profit.  It 
is  also  stated  to  have  been  found  near  Botallack  (St.  Just) ;  at 
Herland  Mine  (Gwinear)  ;  at  Polgooth  (near  St.  Austell)  ;  and 
in  Wheal  Unity  (Gwennap).*  Cobalt  has  been  discovered  at 
W^heal  Huckworthy  (Sampford  Spiney),t  and  in  two  or  three 
other  localities  in  Devon. 

Nickel  has  been  obtained  at  Pengelly  mine  in  St.  Ewe,  and  at 
Wheal  Chance,  St  Austell;  but  whether  it  was  profitably  raised 
or  not  we  have  not  been  able  to  ascertain.  The  ores  which  we 
have  seen  from  thence  consisted  of  the  sulphuret  of  nickel  and  the 
arseniet  of  nickel. 

Bismuth  has  been  found  in  several  places,  among  which  may 
be  enumerated  one  or  two  mines  in  St.  Just,  Herland  Mine, 
Wheal  Spamon,  and  Dolcoath.  The  native  ore  has  been  found 
in  St.  Just,  Wheal  Sparnon,  Dolcoath,  and  some  other  places ; 
an<I  the  carbonate  (examined  by  Mr.  Gregor)  at  St.  Agnes.  Mr. 
Warrington  found  a  sulphuret  of  bismuth,  from  Western  Cornwall, 
to  consist  of  bismuth  68*53,  sulphur  19-33,  iron  29,  copper  2*98, 
and  silica  5.01.  Although  bismuth  ores  have  sometimes  been 
obtained  in  fair  quantities  in  one  or  two  localities,  the  bismuth 
of  Cornwall  seems  hitherto  to  have  been  little  used. 

Antimony  has  been  chiefly  raised  in  profitable  quantities  in 
the  north  of  Cornwall,  and  principally  in  the  neighbourhood  of 
Endellyon.  Borlase  mentions  its  occurrence  in  that  parish,  and 
a  Iso  in  those  of  St.  Stephen's  and  St.  Austell,  stating  that  this  metal 
was  then  (1758)  obtained  from  some  lands  in  St.  Minver.;}:  Pryce 
observes  that,  in  the  three  years,  from  1774  to  1776,  inclusive, 
120  tons  of  antimony  were  raised  in  Cornwall,  of  which  95  tons 
were  furnished  by  Wheal  Boys,  in  Endellyon,  at  from  13/.  to 
14/.  14^.  per  ton,  the  remaining  25  tons  being  chiefly  obtained 
from  a  mine  near  Saltash,§  (perhaps  meaning  the  lode  at  Tre- 
(linnick,  near  St.  Urney,  on  the  west  of  that  place,)  which  was 
worked   for  antimony  some  years  since.     Antimony  has,  from 

*  The  ores  of  cobalt  found  in  Cornwall  cod  gist  chiefly  of  white  cobalt  (binarse- 
niet  of  cobalt),  and  cobalt  bloom.  Black  oxide  of  cobalt  waa  noticed  by  the  Rev.  J.  J. 
(/onybeare,  in  the  (new)  red  sandstone  near  Duwlish. 

-tl7001bt.  of  ore  of  an  inferior  quality  were  sold  from  this  mine  in  1820.  Lysons, 
Mag.  Brit.  Devon,  p.  ccxc. 

\  Nut.  Hist.  Cornwall,  p.  129.  }  Miueralogia  Cormibieusis,  p.  47. 
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time  to  time,  been  raised^  during  laje  years,  near  Endellyon,  at 
Trevathan,  near  St.  Teath,  and  at  St.  Merryn ;  but  the  mines 
seem  to  have  been  abandoned  after  short  workings  in  ihem. 
This  metal  was  discovered  in  Pillaton  about  the  year  1819, 
and  20  tons  were  raised  in  that  year,  33  tons  in  1820,  and  79  in 
1821.*  Antimony  is  stated  to  have  been  obtained  near  Hennock 
and  Bovey  Tracey,  in  Devon.  It  appears,  that  in  1778,  there 
were  antimony  works  on  Restrongett  Creek,  Falmouth  Estuary. 
The  ore  found  is  the  grey  or  sulphuret  of  antimony,  consisting, 
according  to  Dr.  Thompson,  of  antimony  73.77,  and  sulphur 
26.23.t 

Sulphuret  of  zinc,  blende,  or  black  jack,  occurs  abundantly  in 
the  district,  and  is  very  common  in  many  copper  and  lead  lodes. 
An  analysis  of  this  ore,  from  Wheal  Ann,  gave  the  Rev.  W. 
Gregor,  zinc  43,  iron  22.5,  sulphur  31.5,  copper  -8,  and  loss  2.2. 
The  iron,  therefore,  in  this  specimen,  was  in  considerable  quantity, 
as  would  appear  to  be  the  case  with  the  greater  proportion  of 
the  sulphuret  of  zinc  found  in  Devon  and  Cornwall.  Some  of 
the  purest  sulphuret  of  zinc  which  we  have  seen,  was  raised  at 
North  Wheal  Tamar,  a  little  mine  near  Graystone  Bridge,  be- 
tween Tavistock  and  Launceston.  The  ore,  which  is  found  mixed 
with  galena  and  bisulphuret  of  copper,  is  yellowish  and  abundant, 
though  entirely  cast  aside  and  neglected  at  present.  It  probably 
contains  little  else  than  zinc  and  sulphur.  Cadmiferous  blende, 
in  fibrous  botryoidal  concretions,  has  been  found  in  Fowey  Consols. 
Carbonate  of  zinc  or  calamine  has  been  worked  on  the  north-east 
of  our  district,  in  veins  in  the  carboniferous  limestone,  a  con- 
tinuation of  that  of  the  Mendip  Hills,  where  it  was  formerly 
extensively  wrought,  and  where  one  or  two  mines  of  it  are  still 
in  work.  An  analysis  of  some  calamine  of  Somerset  gave  Mr. 
Smithson,  oxide  of  zinc  64*8,  carbonic  acid  35.2.  Plowden,  in 
1578,  mentions  that  calamine  was  then  considered  to  be  plentiful 
in  England,  and  that  this  mineral  was  fused  with  copper,  to 

*  Lysons,  Mag.  Brit.  Devon,  p.  cczc. 
f  Outlines  of  Mineralogy,  &c.,  vol.  L  p.  86.  Jamesonite,  a  mineral  compoMd, 
according  to  Rose,  of  antinaony  34*40,  lead  40*75,  iron  2*30,  sulphur  22*5,  with  a 
little  zinc  and  copper,  is  obtained  from  Cornwall;  and,  we  believe,  from  the  vicinity 
of  Kndellyon.  Another  mineral)  named  Endellione  by  Count  Boumon,  from  beio); 
found  at  Wheal  Boys,  in  that  parish,  but  commonly  now  known  as  BoumooitCf  i»< 
according  to  Dr.  Thompson,  composed  of  sulphur  17*00,  antimony  24*35,  lead  41*11 
copper  12'80,  iron  1*20. — Outlines  of  Mineralogy,  vol.  i.  p.  625. 
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make  laitin  (brass) ;  but  he  does  not  state  that  any  works  of 
that  kind  were  carried  on  at  that  time  in  this  country.'*' 

Pryce  observed  that  black  jack,  or  blende,  was  the  most  plen- 
tiful mineral,  next  to  iron  pyrites,  in  Cornwall.  Several  ladings 
of  it  had  then  been  shipped  off  for  making  brass,  at  40^.  down  to 
amoidore  per  ton.f  A  few  years  since  this  ore  was  raised  for 
sale  at  three  or  four  mines  in  Cornwall,  but  at  present  it  is  cast 
aside  among  the  rubbish-heaps,  as  it  will  not  repay  the  cost  of 
bringing  it  into  the  market. 

Several  fine  lodes  of  rich  hematite  iron-ore  are  found  in  the 
district  which  have  been  worked  at  various  times.  It  would 
appear  that  in  1758,  though  iron-ore  was  known  to  occur  in  many 
parts  of  Cornwall,  it  was  not  worked.  J  In  1778,  also,  these  iron- 
lodes  still  remained  unwrought.§  Between  1796  and  1802  iron- 
ore,  to  the  amount  of  9293  tons,  was  shipped  from  the  lode  near 
Combe  Martin  to  the  iron-works  at  Llanelly  in  South  Wales. || 
Micaceous  iron-ore  is  found  at  various  places  upon  Dartmoor  ;^ 
and,  under  the  name  of  Devonshire  sand,  was  some  years  since 
sent  to  London  and  used  as  writing  sand,  selling  at  from  3/.  3^ . 
to  8/.  Ss.  per  ton.  It  is  probable  that  the  great  Lostwithiel  iron- 
lode  was  wrought  many  years  since,  judging  at  least  from  the 
old  workings.  It  is  now  that  from  which  the  greatest  quantity  of 
Cornish  iron  is  raised,  the  ore  being  easily  shipped  upon  the  Fowey 
for  export.**  The  red  hematite  of  the  red  sandstone  series  of 
Luckham  and  Wotton  Courtney  forms  part  of  the  rock,  as  we 
have  before  stated,  and  is  quarried  as  such  in  considerable  quan- 
tities, which  are  exported  to  the  iron-works  of  South  Wales  from 
Minehead  and  Porlock.  The  regular  lodes  at  work,  during  the 
progress  of  the  survey  through  the  district,  consisted  of  one  near 
Brixham,  another  near  Shaugh  Prior  in  Devon,  and  one  near 
Lostwithiel,  two  on  Nantallan  Downs,  near  Bodmin,  one  near 
Lanivet,  one  near  St.  Stephen^s,  and  one  near  Ladock,  in  Cornwall. 


*  Plowden's  Report's,  Great  Case  of  Mines,  9  and  10  Elizabeth* 

t  Mineralogia  Comubieusis,  p.  46.        X  Borlase,  Nat.  Hist.  Cornwall,  p.  195. 

§  Pryce,  Mineralogia  Coruubiensis,  p,  65. 

II  LysonSy  Mag.  Britannia,  Devon,  p.  cclxxxix. 

^  A  yein,  said  to  be  two  feet  thick,  containing  this  ore,  was  found  in  granite 

near  Hennock. 

**  The  average  price  of  the  ore  from  this  lode,  and  probably  also  from  most  of  the 
iron-lodes  in  the  district,  is  about  12«.  per  ton  at  the  mines. 
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The  amount  of  ore  raised  we  were  unable  to  ascertain,  but  it  must 
have  amounted  to  several  thousand  tons  within  the  last  four  or 
five  years.  The  iron-ore  near  Ilsington  (on  the  east  of  Dart- 
moor) was  at  one  time  raised  in  considerable  quantities.  Mag- 
netic iron-ore,  of  good  quality,  has  been  worked  near  South  Brent,* 
Devon,  and  at  Treluswell,  near  Penryn,  Cornwall.  There  can 
be  little  doubt  that  a  large  supply  of  good  hematite  iron-ore 
could  be  readily  obtained  from  the  district  under  consideration, 
if  the  necessary  demand  existed. 

Independently  of  the  arsenic  sublimed  from  roasting  the  ores 
mixed  with  arsenical  pyrites  at  the  mines  and  roasting-houses^ 
works  are  established  near  PerFan  Arworthall,  for  the  purpose  of 
obtaining  the  arsenic  of  commerce  directly  from  arsenical  pyrites 
(42.88  arsenic,  36.04  iron,  and  21,08  sulphur,  according  to 
Stromeyer),  and  many  tons  are  annually  exported.  Pluinbago, 
of  good  quality,  has  been  found  in  small  nodules  in  an  elvan  near 
Deveron  (Kestronget  Creek),  but  hitherto  not  in  any  quantity  to 
be  profitably  employed-t 

We  have  seen  (p.  527)  that,  by  ancient  charters,  the  tinners   ^ 
in  the  duchy  of  Cornwall  were  exempt  from  all  other  jurisdiction  I 
than  that  of  the  stannary  courts,  except  in  cases  affecting  land,  I 
life,  and  limb;  and  that  no  new  laws  affecting  the  titmers  could 
be  enacted  by  the  Duke  and  his  council,  without  the  consent  of 
twenty -four  stannators,  such  stannators  for  Cornwall  being  returned 
from  its  four  divisions.     The  meeting  of  these  stannators  was 
termed  a  parliament,  and  when  they  assembled  they  chose  a 
speaker.     These  parliaments  have,  from  time  to  time,  been  assem-  j 
bled  by  the  Lord  Warden,  in  order  to  revise  old  or  to  enact  new 
laws,  as  occasion  may  have  arisen.      It  appears  that  the  last ) 
Cornish  stannary  parliament  was  held  at  Truro  in  1752,  and  was  ' 
continued  by  adjournments  to  the  11th  of   September,  1753.J  J 
Crokern  Tor,  on  Dartmoor,  was,  from  ancient  times,  the  place 
where  the  stannary  parliaments  of  Devon  were  held ;  and  it  is 
stated  by  Lysons,  in  1822,  that,  within  the  memory  of  man,  the 
commission  was  opened  and  the  jurors  sworn  at  this  wild  spot; 

*  Dr.  Edward  Cotton  sent  a  piece  of  this  ore,  weighing  601b8.,  to  the  Royal 
Society  in  1667,  which  moved  a  needle  placed  at  the  distance  of  nine  feet. 

t  The  only  specimen  we  have  seen  was  in  the  cabinet  of  Mr.  Kobert  Were  Foji, 
uf  Falmouth;  who  obtained  it  from  the  locality  mentioned  above. 

I  Lysoiis,  Magna  Britannia,  CojuwnlKp.  ix. 


Digitized  by  VjOOQIC 


ECONOMIC  GEOLOGY.  619 

after  which   the  court  was  adjourned   to  one  of  the  stannary  / 
towns* 

Lostwithiel  was  either  continued  or  appointed,  by  the  charter  of 
Edward  I.  in  1305,  as  the  prison  for  the  Cornish  tinners,  and\ 
Lidford  Castle  was  appointed  that  for  the  Devon  tinners,  by  at 
charter,  bearing  the  same  date,  and  granted  to  them.f  In* 
1512  an  act  of  parliament  describes  Lidford  Castle  (the  ruins  of 
which  still  remain)  as  ''  one  of  the  most  hanious,  contagious,  and 
detestable  places  in  the  realm/'J  Stannary  courts  were  held  in 
Lidford  Castle  till  nearly  the  end  of  the  last  century.  That  the 
stannary  courts  considered  they  possessed  great  powers  is  proved 
by  the  imprisonment  in  this  castle  of  Mr.  Richard  Strode  (of  the 
ancient  family  of  Newenham  Park),  then  member  of  Parliament 
for  Plympton,  for  refusing  to  pay  fines  levied  upon  him  in  1512 
by  the  tinners*  court  at  Crokem  Tor.§ 

The  jurisdiction  of,  the  stannary  courts  being  limited  to  cases 
in  which  tinners  (a  term  never  very  accurately  defined)  were  con- ) 
cerned,  and  their  practice  having  remained  unaltered  for  a  long/ 
series  of  years,  and  doubts  having  arisen  whether  the  Vice- Warden! 
had  or  had  not  original  equitable  jurisdiction^  the  offices  of  Vice- 
Warden  and  Steward  of  the  Stannaries  became  almost  sinecures ; 
little  or  no  business  being  transacted  in  their  respective  courts. 

*  Lysons,  Magna  Britannia,  Devon,  p.  314.  Crokem  Tor  probably  became  the 
place  at  which  the  Devon  tinners  assembled  after  the  charter  of  Edward  I.,  in  1305, 
aa  the  combined  tinners  of  Cornwall  and  Devon  previously  met  on  Hingston  Down, 
as  above  noticed. 

f  See  copies  of  these  charters  in  the  Appendix. 

I  The  LysoDs  observe  that  this  prison  had  not  much  improved  in  repute  a  cen- 
tury afterwards,  as  appears  from  Browne's  mention  of  it  in  one  of  his  poems,  in  the 
reign  of  King  James,  who  says — 

'*  To  lie  therein  one  night'tis  guest, 
'Twere  better  to  be  stoned  and  prest, 
Or  hang'd: — now  choose  you  whether.'' 
Magna  Britannia,  Devon,  p.  313. 

§  Mr.  Strode,  who  had  ^'rendered  himself  obnoxious,"  say  the  Lysons,  <<to  his 
brother-tinner*  (for  it  appears  that  he  himself  was  concerned  in  the  tin-works), 
by  his  patriotic  exertions  in  Parliament  towards  the  procuring  the  act  for  protecting 
the  western  harbours  from  the  injuries  caused  by  the  stream-works,  was  prosecuted 
for  imputed  crimes  against  the  stannary  laws,  in  the  Tinners'  Court,  at  Crokem 
Tor,  and  fined  in  heavy  penalties,  which  refusing  to  pay,  he  was  thrown  into  the 

dungeon  of  the  stannary  prison  at  Lidford Here  he  was  kept  for  more  than 

three  weeks  in  irons,  and  fed  on  bread  and  water.'* — Mag.  Brit.  Devon,  p.  414. 
These  authors  proceed  to  observe  that  this  case  of  daring  outrage  gave  occasion  to 
the  establishment  and  maintenance  of  some  of  the  mo&t  important  privileges  of  Par- 
liament. 
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The  necessity  of  a  court  of  peculiar  jurisdiction,  embracing 
mines  and  mining  transactions  of  every  description  within  the 
county  of  Cornwall,  and  sitting  from  time  to  time  in  some  central 
part  of  the  mining  district,  having  become  daily  more  apparent  of 
late  years,  several  county  meetings  were  convened,  and  a  com- 
mittee, consisting  of  some  of  the  most  intelligent  and  practical 
men  in  the  county,  was  appointed  to  investigate  and  report  on  the 
subject.  The  result  of  the  labours  of  this  committee  was  an  able 
report,  which  led  to  the  passing  of  the  Act  6  &  7  William  IV., 
c.  106  (in  August,  1836). 

By  this  Act  the  original  equitable  jurisdiction  of  the  Vice- War- 
den is  recognised  and  confirmed.     The  courts  of  equity  and  com- 
mon law  are  united  (there  being  an  equity  and  a  common -law 
side),  and  both  are  to  be  presided  over  by  one  judge,  the  Vice- 
Warden,  who  should  be  a  barrister  of  not  less  than  five  years' 
standing.     From  his  orders  and  judgments  an  appeal  lies  to  the  ,' 
Lord  Warden,  assisted  by  not  less  than  three  members  of  the ! 
judicial  committee  of  the  Privy  Council,  and  from  thence  to  the  I 
House  of  Lords. 

In  cases  unprovided  for  by  its  own  rules,  this  court  is  guided  in  \ 
its  practice  by  that  of  the  courts  of  law  and  equity  at  Westminster,  ' 
but  the  Vice- Warden  is  empowered  from  time  to  time  to  make  ' 
rules,  orders,  and  regulations  touching  practice  and  pleading,  such  j 
rules,  &c.,  as  apply  to  the  equity  side  of  the  court  being  approved  1 
of  by  the  Lord  Chancellor,  and  such  as  apply  to  the  common-law  | 
side  by  a  judge  of  one  of  the  superior  common-law  courts ;  and,  I 
when  approved,  being  transmitted  to  one  of  the  Secretaries  of 
State,  to  be  laid  before  Parliament,  one  month  after  they  have 
been  made,  if  it  be  sitting  ;  but,  if  Parliament  be  not  sitting,  then 
within  one  month  after  the  commencement  of  its  next  session. 

We  have  been  informed  by  competent  persons  that  great  be- 
nefit has  already  been  derived  from  this  new  court  by  persons 
interested  in  mining  transactions  in  the" county  of  Cornwall.     The 
remedies  afforded  to  merchants  and  others  supplying  mines  with 
materials,  and  to  labouring  miners  and  other  creditors  of  mining  / 
companies,  are  stated  to  have  been  found  expeditious  and  com-  / 
paratively  inexpensive;  and  the  facility  with  which  accounts  are| 
settled  between  mining  adventurers,  and  the  assistance  rendered 
to  pursers  and  managers  of  mines,  are  described  as  having  been 
most  valuable. 
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As  every  little  shaft,  a  dozen  fathoms  in  depth,  may  bear  a 
name  as  imposing  as  that  of  the  largest  mine,  it  is  extremely  dif- 
ficult to  form  any  just  estimate  of  the  number  of  mines  which  may 
at  airy  given  time  be  at  work  in  the  district  under  consideration. 
By  pving  a  list  of  names  we  merely  show  that  so  many  mining 
adventures  may  exist  at  some  given  time,  or  rather  may  be  sup- 
posed to  exist,  for  some  of  the  mines  may  be  of  such  a  character 
that  they  may  not  have  lasted  during  the  necessary  time  employed 
in  collecting  the  information. 

Sir  Charles  Lemon  has  formed  the  first  tables  which  we  have 
seen  that  contain  an  account  of  the  persons  employed  in  the  dif- 
ferent mines  of  Cornwall,  distinguishing  the  number  of  men, 
women,  and  children  at  work  in  each  about  a  given  time  (1836 
and  1837).  From  two  tables  which  he  has  given  the  following 
has  been  compiled : — 

Number  r^  Persons  employed  in  the  Cornish  Mines  in  1836  and  1837. 


Mivxs. 

1 

i 

s 

.a 
0 

1 

HlXBS. 

8 

1 

i 

1 

Wheal  Ann   .     .     . 
Wheal  Andrew  .     . 
Wheal  Agar  .     .     . 
Wheal  AmelU    .     . 
Balnoon  .... 

Hell 

Binner  Downs    .     . 
Boscaswetf  Downs  . 
Koscean   .... 
Bu«orii      .... 
Ba'diie      .... 
Kallowall.     .      .      . 
WiicalBttdnick.     . 
Wheal  Brothers.     . 
Whfal  Bolton     .     . 
Wheal  Barnes     .     . 
South  Wheal  Bassett 
East  \%  heal  Bassett 
Wheal  Buller     .     . 
Wheal  Busy.     .     . 
Consols  and  United) 

Mines   ...    3 
East  OrinnU .     .     . 
Carharrack    .     .     . 
Cardrew  .... 
lUrrvglan  Roche     . 
Charlestown.     .     . 
North  Claze       .     . 
West  Cliff  Down 
E.i»t  Cornwall    .     . 
Crrigbrsws  .     .      . 
Cornwall  Great         } 

United      .     .      S 
Carclaze  .... 
CamBrea     .     .     . 

"7 

"4 

€2 

230 

183 

65 

16 

5 

27 

99 

8 

64 

83 
34 

1780 

1S4 
42 
24 
30 

431 
7 

"e 

96 

155 

8 
517 

'6 

100 
5 

4i 

'6 

42 

50 

869 

46 

34 

6 

1 

120 

1 

'5 

20 

137 

*2 

i2 

40 
59 
24 

4 

1 

9 

38 

30 
28 

697 

63 

20 

10 

4 

263 

1 

io 
22 

6 

69 

121 

9 

55 

4 

80 

6 

390 

246 

89 

20 

6 

36 

172 

2 

70 

22 

230 

100 

155 

112 

3196 

232 
M 
40 
35 
814 
9 
6 
6 
41 

197 

14 

723 

Cambom  Consols    . 
Copper  Valley    •     • 
Copper  Bottom  .     . 
Cook's  Kitchen  .     . 
Wheal  Clinton    .     . 
Wheal  Curtis      .     . 
Wheal    Change      ) 
(LaneTit)      .     } 
Wheal  Charles  .     . 
Wheal  Clarence  .     . 
East  Wheal  Crofty . 
Wheal  Coit    .     .     . 
Dolcoaih        .     .     . 
West  Dolcoath  .     . 
East  Downs.      .     . 
North  Downs     .     . 
Wheal  Damsel    .     . 
Wheal  Darlington  . 
Wheal  KUen.     .     . 

Lanescot .     .     $ 
Friendly  .... 
Wheal  Fire   .     .     . 
Wheal  Friendship  . 
Wheal  Fancy     .     . 
Wheal  Friendship  . 
Great  Wheal  Fortune 
GunuisLake.     .     . 
Goduluhin     .     .     . 

Glebe 

Giirnett's  Head .     . 
Great  Work  .     .     . 
Geallon    .... 
Wheal  GorUnd  .     . 

'4 

4 
43 

"4 

4d6 

8 

300 

4 

6 

16 

28 

215 

1057 

8 
6 

4 

'86 
165 
62 
370 

298 
100 
53 

21 

404 

4 

220 

'3 

1 

50 

308 
2 

19 

16 

7 

70 

46 

16 
12 

8 

i 

144 
4 
70 
1 
2 
5 
11 
52 

315 
2 

11 
27 
19 
40 
2 

74 
20 
21 

5 

72 

247 

5 

60 

40 

10 

10 

1004 

16 

690 

5 

8 

24 

40 

317 

220 

1680 

12 
6 

4 

8 

115 

207 
88 
480 

4 
24 
418 

i;jH 

H6 

Carried  forward  . 

•• 

•• 

7,334 

Carried  forward . 

•• 

•• 

13.279 
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Bfraxa. 

d 

i 

e 

1 

•s 

Minks. 

d 

i 

0 

e 

1 

5 

S 

i 

S 

& 

1 

^ 

2 
a 

Brought  forward  . 

,. 

. . 

13.979 

Brought  forward  . 

19.571 

Wheal  Gray  .     .     . 

.. 

,, 

., 

130 

Relistian.     .     .     . 

138 

67 

45 

£0 

Haliamaniog  and    *] 
Retallack  .       .  j 

10 

Redmoor  Consols    . 

110 

16 

25 

151 

•* 

*• 

•• 

Wheal  Rome      .     . 

.. 

8 

Hallenbeagle      .     . 
North  Hidlenbeagle 

12S 

so 

50 

19>i 

Wheal  Rose  .     .     . 

4 

.. 

,. 

4 

30 

6 

4 

40 

Wheal  Reeth      .     . 

147 

18 

€6 

831 

Holmbuth     .     .     . 

145 

8 

38 

191 

South  Rose   .     .     . 

99 

,. 

12 

41 

Wheal  Harriette     . 

21 

8 

4 

33 

Speame    .... 

., 

.. 

70 

Wheal  Julia  .     .     . 

100 

26 

99 

148 

Streamers  (Camon). 

144 

2 

66 

i\i 

Wheal  Jewel.     .     . 

919 

53 

94 

359 

SirayPark     .     .     . 

137 

30 

22 

l!<9 

West  Wheal  Jewel . 

79 

10 

35 

124 

Great  St  George      . 

955 

35 

50 

'm 

Wheal  Kitty .     .     . 

118 

59 

88 

258 

St.  Austell  Hills      . 

^. 

13 

94 

m 

Levant     .... 

390 

44 

186 

550 

St.  Ives  Consols  .     . 

16 

60 

313 

I/evant  Consols  .     . 

90 

East  Wheal  Straw.  ) 
WhealSpeed    .'       . 

71 

19  " 

30 

120 

Wheal  Leisure    .     . 

68 

6 

91 

95 

Marazion  Mines.     . 

9<9 

83 

96 

401 

., 

.. 

10 

Mor\-ah  and  Zennor 

86 

9 

28 

116 

Wheal  St.  Just  .     . 

., 

3 

Wheal  Maiden  .     . 

15 

11 

U 

37 

Wheal  Sarah.     .     . 

,. 

,, 

12 

Wheal  Martha   .     . 

96 

10 

4 

40 

Wheal  Sparrow  .     . 

,. 

., 

31 

Wheal  Mary.     .     . 

118 

14 

31 

163 

Wheal  Seaton     .     . 

, . 

,. 

M 

Wheal    Mary    and  ( 

30 

Wheal  SUters     .     . 

.. 

4 

Parent      .     .      i 

•  ■ 

•• 

TresHvean     .     .     . 

,. 

., 

1394 

Wheal  Maitland.     . 

90 

6 

96 

North  Tresavean     . 

, . 

., 

.. 

Wheal  Millpool  .     . 

,. 

90 

Trevenen  .... 

,. 

30 

South  Wheal  Mary  . 

11 

,. 

3 

14 

Trethellen    .     .     . 

., 

.. 

H 

Wheal  Neptune  .     . 

4 

., 

,, 

4 

Tresavara      .     .     . 

95 

8 

.. 

33 

Owen  Vean  .     .     . 

62 

4 

6 

1^? 

Tumavoore  .     .     . 

, . 

1 

5 

Wheal  Owles      .     . 

110 

91 

Trebelzue.    .     .     . 

19 

, , 

. . 

19 

Wheal  Osborne .     . 

40 

6 

6 

59 

Tincroft  Consols 

., 

., 

309 

Penberthy  Crofts    . 

91 

3 

3 

27 

Bast  Tincroft     .     . 

,. 

,. 

4 

Providence    .     .     . 

83 

19 

30 

132 

West  llncroft  Con.  ) 
sols    ...     .} 

33 

4 

r, 

Polgooth  .... 

141 

10 

51 

909 

Polberrou.     .     .     . 

369 

34 

89 

x& 

North  Towan     .     . 

. 

,, 

90 

Pembroke     .     .     . 

75 

19 

59 

Trewavas       .     .     . 

109 

49 

II 

161 

Perran  Consols  .     . 

80 

14 

6 

100 

Trevaskus     .     .     . 

103 

30 

144 

South  Polgoolh  .     . 

99 

14 

20 

196 

Trevarthen  Downs  . 

6 

7 

3 

16 

Perran  Downs    .     . 

41 

,. 

41 

Tredarva.     .     .     . 

8 

3 

5 

16 

Pentuan  Stream.     . 

18 

5 

93 

Wheal  Triumph  .     . 

10 

9 

IS 

Phceuiz  (Padstow)  . 
Polbreerf.     .     .     . 

13 

1 

14 

Wheal  Treasure.     . 

6 

, , 

3 

S 

80 

, . 

80 

Wheal  Trumpet .     . 

,, 

,. 

, . 

9 

WestPoldice      .     . 

. , 

, . 

, 

30 

Wheal  Trenwith      . 

83 

6 

90 

109 

Wheal  Prosper  .     . 

10 

, . 

4 

14 

Wheal  Trevannance 

19 

,, 

li 

Wheal  Bye    .     .     . 

3 

9 

1 

6 

Wheal  Tamar  and  7 
South  Hooe.     .] 

83 

6 

20 

109 

Wheal  Pradence 

40 

90 

13 

Ti 

Wheal  Providence  . 

61 

8 

94 

93 

West  Wheal  Tamar. 

,, 

45 

Wheal  Prosper   .     . 

68 

6 

6 

80 

Unity  Wood  .     .     . 

906 

80 

138 

434 

East  Pool      •     .     . 

111 

89 

18 

911 

United  HiUs.     .     . 

969 

90 

., 

3iB 

North  Roskear   .     . 

300 

190 

150 

640 

Wheal  Uny  .     .     . 

,, 

. . 

146 

South  Roskear   .     . 

148 

179 

60 

380 

Wheal  Virgin     .     . 

167 

134 

91 

»H 

Rospeath.     .     .     . 

42 

4 

6 

59 

Wheal  Vor    .     .     . 

599 

397 

9SS 

ll:^ 

Rocks 

Carried  forward  . 

74 

9 

19 

95 

Wheal  Vyvyan    .     . 
ToUl  .  160  Mines. 

54 

95 

94 

10: 

•• 

•• 

•• 

19.571 

•• 

•• 

•• 

\».&i 

Having  omitted  some  mines,  Sir  Charles  Lemon  considers  that 
28,000  persons  might  be  taken  as  the  number  then  employed  in 
the  mines.     If  we  add  2000  persons  as  about  the  number  working  r 
in  the  Devon  mines,  we  should  have  30,000  persons  directly  eni-y 
ployed  in  the  mining  operations  of  the  district  in  both  counties  ' 
for  the  years  1830  and  1837. 
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With  respect  to  the  total  annual  value  of  the  exported  mineral 
produce  of  the  district,  it  will  have  been  seen  that  it  has  been  con- 
siderable for  a  long  period,  though  subject  to  frequent  fluctuations 
from  variations  in  price.  The  quantity  of  tin  raised  has  not  very 
considerably  increased  during  the  last  half-century ;  the  number  of 
blocks  coined  in  1788  was  21,790,  and  in  1838  they  amounted  to 
29,321,  and  there  was  much  fluctuation  during  the  interval.  The 
average  price  per  cwt.  was  3/.  I3s.  6d.  in  1788,  and  4/.  2^.  in 
1838.  In  1788  the  tons  of  copper-ores  raised  amounted  to  31,541, 
for  which  150,303/.  were  obtained;  in  1838  the  quantity  of  cop- 
per-ores raised  amounted  to  145,688  tons,  producing  857,779/. ; 
the  value  of  the  standard  of  copper  for  1778  has  unfortunately 
been  lost,  but  appears  to  have  been  about  73/.,  while  that  of  1838 
was  109/.  3.9.  The  annual  tin  produce  and  its  value  have  only 
increased  to  a  moderate  extent,  while  that  of  the  copper  has  been 
gFeatly  augmented.  The  produce  of  silver  and  lead  has  de- 
creased of  late  years,  but  that  of  manaugese  has  much  increased 
since  1788,  while  the  exports  of  granite,  and  china-clay  and  stone, 
have  only  become  considerable  withili  the  present  century.  If 
we  examine  into  the  value  of  the  mineral  exported  produce  of 
1837,  we  shall  have,  exclusive  of  slates,  arsenic,  and  iron,  with 
some  minor  substances,  for 

Cornish  and  Devon  Copper      ....  £952,855 

,,                 ,,     Tin 415,518* 

,,                 ,,     Manganese     •      .     .  40,000 

,,                 ,,     Lead 3,600 

,,                 ,,     China  Stone  and  Clay  43,000 

,,                 ,,     Granite      ....  24,500 


£1,478,973 

With  the  addition  of  the  slates,  iron,  arsenic,  antimony,  and 
minor  substances,  we  should  have  about  1,500,000/.  for  the  value 
of  lhe  mineral  produce  of  the  district  for  that  year.  The  standard 
for  copper  was  then  certainly  somewhat  high  (1 19/.  5^.),  but  the 
price  of  tin  was  less  than  it  had  been  in  the  two  previous  years,  so 
that  probably,  if  we  consider  the  value  of  the  annual  and  exported 
mineral  produce  of  the  district  to  be  at  present  between  1,400,000/. 

*  The  small  quantity  of  tin  retained  in  the  district  for  consumption  in  it  may  be 
disre^^arded  in  this  calculation,  inasmuch  as  the  copper,  manganese,  &c.,  are  pro- 
bably under-estimated  in  value,  the  amount  of  private  bargains,  for  copper-ores  more 
especially,  not  being  well  known. 
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and  1,500,000/.,  we  shall  probably  make  a  fair  approximation  to 
the  truth. 

If  we  estimate  the  value  of  the  metals  annually  raised  in  Great 
Britain  and  Ireland  at  about  10,597,000/.,*  and  consider  that  of 
this  sum  the  iron  amounts  to  8,000,000/.,  the  value  of  the  remain- 
ing metals  would  be  2,597,000/.,  of  which  Cornwall  and  Devon 
would  furnish  about  1,340,000/.,  or  more  than  one-half,  leaving 
1,257,000/.  for  the  value  of  all  the  metals,  with  the  exception  of 
iron,  raised  in  other  parts  of  the  United  Kingdom.  The  two  great 
metallic  products  of  the  district  are  copper  and  tin  :  of  the  former 
it  yields  one-third,  and  of  the  latter  nine-tenths  of  the  whole  sup- 
ply of  copper  and  tin  furnished  by  the  British  Islands  and  all  the 
countries  of  the  continent  of  Europe. 

Henby  T.  De  la  Bechb. 


•  To  obtain  this  amount,  and  neglecting  anenic,  antimony,  and  chronne,  we  es- 
timate the  annual  value  of  the 

Iron  at £8,000,000 

Copper      1,200,000 

Lead 920,000* 

Tin 390,000 

Manganese 50,000 

Silver 30,000* 

Zinc 7,000 


£10,597,000 
The  sums  marked  with  an  *  are  taken  from  the  information  of  Mr.  John  Taylor. 
If  to  the  sum  of  10,597,000/.  for  metallic  produce,  we  add  9,000,000/.  as  the  value  of 
the  coal  raised,  at  the  pit  mouth,  and  about  400,000/.  for  that  of  salt  and  other 
minor  substances,  we  should  have  20,000,000/.  as  the  annual  value  of  the  mining 
produce  of  Great  Britain  and  Ireland. 

With  respect  to  the  general  produce  of  the  mines  of  the  various  countries  of 
Europe,  M.  Verlet  has  formed  the  following  comparative  table  (General  and  SU- 
tistical  Review  of  Metallurgy,  1 837).  taking  those  of  Great  Britain  for  unity:— 


Great  Britain     ....  1 

Russia  and  Poland  .     •     .  | 

France < 

Austria ^ 

Spain { 

Prussia i 

Sweden a 


Hartz       .,..,.* 

Tuscany j^ 

Bavaria jl 

Saxony jl 

Piedmont  and  Savoy     .     .  ^ 

Denmark JL 

Norway    .      .      .  *  .     .      .  j^ 
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The  following  are  copies  of  the  charters  of  the  29th  October  of  the  dd  of 
King  John  (1201).  and  of  the  10th  April  of  the  33d  of  Edward  I.  (1305), 
granted  to  the  Tinners  of  Cornwall  and  Devon,  as  they  appear  by  the  Rolls 
in  the  Record  OflSce,  in  the  Tower  of  London.  For  these  copies,  and  per- 
mission to  make  the'  fac-simtle  of  the  charters  as  enrolled,  and  which  are 
given  in  plate  13,  we  are  indebted  to  the  kindness  of  Mr.  Petrie.  Keeper  of 
Her  Majesty's  Records  in  the  Tower. 

Rot :  Chart :  Antiq :  K.  No.  5. 
Johannes  Dei  gratia  Rex  AnglisD,  &c.    Sciatis  nos  concessisse  quod 
ines  stammatores  nostri  in  Cornubia  et  Devonia  sint  liberi  et  quieti  de 
icitis  nativonim,  dum  operantur  ad  commodum  firm»  nostrsB  vel  com- 
odum  marcarum  novi  redditus  nostri  quia  stammarisB  sunt  nostra  dominica. 
it  quod  possint  omni  tempore  libere  et  quiete  absque  alicujus  hominis 
exatione  fodere  stammum  et  turbas  ad  stammum  fundendum  ubique  in 
Boris  et  in  feodis  Episcoporum  et  Abbatum  comitatuum  sicut  solebant  et 
jonsueverunt  et  emere  buscam  ad  funturam  stammi  sine  vasto  in  regardis 
forestarum  et  divertere  aquas  ad  operationem  eorum  in  stammariis  sicut  de 
anttqua  consuetudine  consueverunt    Etquod  non  recedant  ah  operationibus 
suis  pro  alicujus  summonitione  nisi  per  summonitionem  capitalis  custodis 
stammariarum  vel  baillirorum  ejus.     Concessimus  etiam  quod  capitalis 
custos  stammariarum  et  bailliviejus  per  eum  habeant  super  prssdictos  stam- 
matores plenariam  potestatem  ad  eos  justtflcandos  et  ad  rectum  producendos 
et  quod  ab  eis  in  carceribus  nostris  recipiantur  si  contigerit  quod  aliquis 
prsedictorum  stammatorum  debeat  capi  vel  incarcerari  pro  aliquo  retto.    Et 
si  contigerit  quod  aliquis  eorum  fuerit  fugitivus  vel  udlagatus  quod  catalla 
eorum  nobis  reddaiitur  per  manum  custodis  stammariarum  nostrarum,  quia 
stammatores  firmarii  nostri  sunt  et  semper  in  debito*  nostro.    Prseterea 
concessimus  tbesaurariis  et  ponderatoribus  nostris  ut  sint  fideliores  et  inten- 
tiores  ad  utilitatem  nestram  in  receptione  et  custodia  thesauri  nostri  per 
villas  marcandas  quod  sint  quieti  in  villis  ubi  manentdeauxiliis  et  taillagiis 
dum  fuerint  in  servitio  nostro  thesaurarii  et  ponderatores  nostri  quia  nihil 
habent  aliud  vel  habere  possunt  per  annum  pro  prsedicto  servitio  nostro. 
Testibus  Willielmo  Comite    SarresburisD,   Petro  de   Stokes,  Warino  filio 
Geroldi.    Data  per  manum  S.  Wellensis  Archidiaconi  apud  Bonam  Villam 
super  Tokam  vicesimo  nono  die  Octobris  anno  regni  nostri  tertio. 

*  Sic.     From  another  document  it  appears  that  this  word  should  be  dominieo, 

2  s 
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Rot:  Chart!  33  Bdte:  I.     No.  41. 


ProStannatoribugin)  ^*  Archiepiscopis.  &c.  salutem.  SciatU  nos  ad 
comitatu  Com  b*»  I  emendationem  stannariarum  nostranim  in  comitatu 
J  CornubifiB  et  ad  tranquilletatem  et  utilitatem  stan- 
natorum  nostrorum  earundem  concessisse  pro  nobis  et  hseredibus  nostris  quod 
omnes  stannatores  proedicti  operantes  in  stannariis  illis  qu»  sunt  dominica 
nostra  dum  operantur  in  eisdem  stannariis  sint  liberi  et  queti  de  placitis  na- 
tivorum  et  de  omnibus  placitis  et  querelis  curiam  nostram  et  bseredum  nofr- 
trorum  quoquo  modo  tangentibus.  Ita  quod  non  respondeant  coram  ali^ui- 
bus  justitiariis  vel  minis tris  nostris  seuh»redum  nostrorum  de  aliquo  placito 
seu  querela  infra  praedictas  stannarias  emergente  nisi  coram  custode  nosiro 
stannariarum  nostrarum  praedictarum  qui  pro  tempore  fuerit  exceptis  pla- 
citis terrte  et  vits  et  membrorum  nee  recedant  ab  operationibus  suis  per 
summonitionem  alicujus  ministrorum  nostrorum  seu  b'sBredum  nostrorum 
nisi  per  summonitionem  dicticustodis  nostri.  Etquodquieti  sintde  omnibus 
tallagiis  tberloniis  stallagiis  auxiliis  et  aliis  costumis  quibuscunque  in  vilUs 
portubus  feriis  et  mercatis  infra  comitatum  prodictum  de  bonis  suis  propnis. 
Concessimus  etiam  eisdem  stannatoribus  quod  fodere  possint  stannum  et 
turbas  ad  stannum  fiindendum  ubique  in  terris  -moris  et  vastis  nostris  et 
aliorum  quorumcunque  in  comitatu  prssdicto ;  et  aquas  et  cursus  aquaruia 
ad  operationes  stannariarum  prsedictarum  divertere  ubi  et  quotiens  opus 
fVierit ;  et  emere  buscam  ad  funturam  stanni,  sicut  antiquitus  fieri  consuevit, 
sine  impedimento  nostri  vel  heredum  nostrorum  Episcoporum  Abbatum 
Priorum  Comitum  Baronum  seu  aliorum  quorumcunque.  Et  quod  custos 
noster  pr»dictus  vel  ejus  locum  tenens  teneat  omnia  placita  inter  stannatores 
prffidictos  emergen tia  et  etiam  inter  ipsos  et  alios  forinsecos  de  omnibus 
transgressionibus  querelis  et  contractibus  factis  in  locis  in  quibus  operantur 
infra  stannarias  prsedictas  similiter  emergentia,  et  quod  idem  Custos  habeat 
plenam  potestatem  ad  stannarios  preadictos  et  alios  forensecos  in  bujusmodi 
placitis  justitiandos  et  partibus  justitiam  faciendam  prout  justum  ethacte- 
nus  in  stannariis  illis  fuerit  usitatum.  Et  si  qui  stannariorum  pmdictorum 
in  aliquo  deliquerint  per  quod  incarcerari  debeant  per  Custodem  prsedictum 
arestentur  et  in  prisona  nostra  de  Lostwythiel  et  non  alibi  custodiantur  d 
detineantur  quousque  secundum  legem  et  consuetudinem  regni  nostri  deli' 
berentur.  Et  si  aliqui  stannatorum  prsedictorum  super  aliquor  facto  infi^ 
comitatum  pnedictum  non  tangente  stannarias  pnedictas  se  posuerint  in  ioj 
quisitione  patrise  una  medietas  juratorum  inquisitionis  hujusmodi  sit  de  staij 
natoribus  prtedictis  et  alia  medietas  de  forensecis,  et  de  facto  totaliter  tan  genii 
stannarias  prsBdictas  fiant  inquisitiones  sicut  hactenus  fieri  consueverunl 
Et  si  quis  eorundem  stannatorum  fugitivus  ftierit  vel  utlagatus  vel  aliqua 
delictum  fecerit,  pro  quo  catalla  sua  amitterre  debeat,  catalla  ilia  per  em 
todem  prsedictum  et  coronatorem  nostrum  comitatus  prsddicti  appretientH 
et  per  ipsos  proximis  villatis  liberentur  ad  respondendum  inde  nobis  et  hnn 
dibus  nostris  coram  justitiariis  itinerantibus  in  comitatu  preedicto.  Vi 
lumus  insuper  et  firmiter  prsDcipimus  quod  totum  stannum  tarn  album  quH 
nigrum  ubicunque  inventum  et  operatum  fuerit  in  comitatu  prsedicto  pd 
deretur  apud  Lostwitliiel,  Bodmynyan,  Liskiriet,  Treueru  vel  Helleston  pi 
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pondera  nostra  ad  hoc  ordinata  et  signata  sub  forisfactura  totius  stanni  pr»- 
dicti  et  quod  totum  ilium  stannum  coignietur  in  eisdem  villis  singulis  coram 
custode  prsBdicto  ante  diem  Sancti  Michaelis  in  Septembre  sub  forisfactura 
pFBodicta.  £t  concessimus  pro  nobis  et  hflsredibus  nostris  quod  omnes  stan- 
natores  nostri  pmedtcti  totum  stannum  suum  sic  ponderatum  licite  vendere 
possint  cuicunque  voluerint  in  villis  prsdictis  faciendo  inde  nobis  et  h»re- 
dibus  nostris  coignagium  et  alias  consuetudines  debitas  et  usitatas  nisi  noa 
vel  hnredes  nostri  stannum  illud  emere  voluerimus.  Quare  volumus  et 
fermiter  prsBcipimus  pro  nobis  et  hseredibus  nostris  quod  stannatores  nostri 
prsdicti  habeant  omnes  libertates  liberas  consuetudines  et  quietantias  supra^ 
scriptas,  et  quod  eis  sine  occasione  vel  impedimento  nostri  vel  hseredum 
nostrorum  justitiariorum  Escaetorum  Vicecomitum  aut  aliorum  ballivorum 
seu  ministrorum  nostrorum  quorumcunque  rationabiliter  gaudeant  et  utan- 
tur  in  forma  preedicta.  Hiis  testibus  venerabilibus  patribus  W.  Coventrensi 
et  Lychfeldensi,  S.  Sarum.  J.  Karliolensi  Episcopis,  Henrico  de  Lacy 
comite  Lincoln  is,  Radulpho  de  Monte  Hermerii  comite  GloucestriiB  et 
Hertfordisd,  Humfrido  de  Bohun  comite  Herefordise  et  Essexisd,  Adomaro 
de  Valencia,  Hugone  Le  Despenser,  Johanne  de  Hastinges,  et  aliis.  Data 
per  manum  nostram  apud  Westmonasterium  decimo  die  Aprilis  * 

Rot :  Chart :  33  Edw.  I.   No.  40. 

Pro  Stannatoribus  ini  Rex  Archiepiscopis,  &c.  salutem.  Sciatis  nos  ad 
com itatu  Devon iflB.  }  emendationem  stannariarum  nostrarum  in  comi- 
tatu  Devonian  et  ad  tranquillitatem  et  utilitatem  stannatorum  nostrorum 
earundem  concessisse,  &c.  ut  supra.  Et  si  qui  stannatorum  prssdictorum 
in  aliquo  deliquerint  per  quod  incarcerari  debeant  per  custodem  prsedictum 
arestentur  et  in  prisona  nostra  de  Lydeford  et  non  alibi  custodian  tur  et  deti- 
neantur  quonaque  secundum  legem  &c.  ut  supra.  Volumus  insuper  et 
firmiter  prsBcipimus  quod  totum  stannum  tam  album  quam  nigrum  ubi- 
cunqne  inveutum  et  operatum  fuerit  in  eomitatu  prsedioto  ponderetur  apud 
Tavystok,  Asperton,  vel  Chaggeford  per  pondera  nostra  ad  hoc  ordinata  et 
signata  sub  forisfactura  &c.  ut  supra.  Quare  volumus  &c.  ut  supra.  Hiis 
testibus  &G.  ut  su|»>a.   Data  ut  supra. 

It  would  appear,  from  the  following  petition  to  Parliament,  in  the  first 
year  of  Edward  III.,  preserved  among  the  recoi-ds  of  the  Tower  of  London, 
and  for  the  knowledge  and  copy  of  which  we  are  indebted  to  Mr.  Hardy, 
of  Her  Majesty*s  Record  Office,  that  the  tinners  of  Devon  had  taken  advan- 
tage of  the  clause  in  the  charter  above  cited,  which  permitted  them  to  search 
;  for  tin  in  other  lands  than  those  of  the  king,  and  had  destroyed  private 
property  in  this  search,  as  will  best  be  seen  by  the  petition,  which,  being  in- 
teresting, we  have  inserted  at  length  beneath. 

«  According  to  a  MS.  of  the  time  of  Queen  Elisabeth,  entitled  **  The  Bailiff  of 
Blackmore,"  the  original  of  this  charter  was  kept  in  LuzuUion  church,  whence,  for 
greater  secority  during  the  civil  war,  it  wan  removed  to  Lostwithiel,  and  there  de- 

)]'r^^   stroyed,  with  other  stannary  records,  by  ttie  Earl  of  EsKez'ii  army  in  1644. — liysons, 

-^1^'  Hag.  Biit.  Cornwall,  p.  viii. 

\e>  2  s  2 


set: 


Digitized  by  VjOOQiC 


628  APPENDIX. 

"  Devonshire. 
"  To  our  Lord  the  King  and  his  Council  sheweth  the  Commonalty  of  ^ 
county  of  Devon  that  whereas  the  Tinners  of  the  said  county  have  a  Charter 
from  the  Progenitors  of  our  said  Lord  the  King,  tliat  all  those  who  are  will- 
ing to  be  Tinners  to  dig  Tin,  may  dig  in  every  place  of  waste  and  moor  where 
they  believe  Tin  can  be  found  within  the  said  county  which  belonged  to  yO'ir 
said  Progenitors  at  the  time  the  Charter  was  granted ;  the  which  waste  ami 
moor  were  only  the  Forest  of  Dartmoor,  which,  at  the  time  when  the  said 
Charter  was  granted,  was  in  the  hands  of  your  said  Progenitors.  And  also 
your  said  Progenitors  did  grant  to  the  said  Tinnei-s  that  they  should  be  quit 
of  all  manner  of  tallages,  tolls,  and  charges  ;  and  also  that  they  should  have 
the  cognizance  of  all  manner  of  pleas  arising  within  their  said  Stannary  ; 
by  color  of  which  grant,  and  by  color  of  the  several  other  Charters  of  con- 
firmation granted  subsequently  by  several  other  of  the  progenitors  of  our 
said  Lord  the  King,  the  said  Tinners  do  daily  dig  and  claim  to  dig  in  every 
species  of  land,  as  well  in  tilled  as  in  other  lands,  and  destroy  houses,  mea- 
dows, and  woods,  and  divert  and  turn  the  course  of  waters  running  as  well 
to  mills  as  elsewhere  throughout  the  whole  County,  to  the  great  destruction 
and  disherison  of  the  said  Commonalty,  since  the  said  lands,  meadows,  and 
woods  which  are  digged  by  the  said  Tinners  never  bear  herbage  nor  any 
other  sort  of  fruit,  wherefore  several  of  the  said  Commonalty  are  wholly  ruined 
and  disinherited,  and  their  ruin  and  disherison,  by  the  cause  aforesaid,  is 
daily  increasing.  And  also  the  said  Tinners  and  the  Officers  of  the  said 
'Stannary  take  cognizance  of  all  manner  of  pleas  at  the  suit  of  the  said  Tin- 
ners, and  of  all  others  who  claim  to  be  Tinners,  as  well  without  as  within 
the  Stannary,  and  make  attachments  and  excessive  distress,  as  well  without 
as  within  the  Stannary,  for  they  wrongfully  claim  all  the  County  of  Devon 
to  be  their  Stannary ;  and  the  said  distresses,  be  they  never  so  wrongfully 
taken,  they  detain  without  allowing  any  deliverance  of  them  to  be  made,  and 
they  do  those  things  by  color  of  their  franchise  aforesaid,  to  the  great  ruin 
and  disherison  of  all  the  Commonalty  aforesaid.  Wherefore  the  whole  Com- 
monalty of  the  said  County  prays  our  Lord  the  King  that  it  will  please  hira 
(for  the  salvation  from  ruin  and  disherison  of  his  said  Commonalty)  to  cause 
the  said  Tinners  to  come  with  their  Charters,  by  which  they  claim  the  fran- 
chises aforesaid,  before  the  Justices  of  the  King's  Bench,  or  of  the  Common 
Bench,  in  order  to  show  by  what  warrant  they  claim  the  said  franchises  ; 
and  also  that  a  Writ  be  sent  to  the  Sheriff  of  Devonshire  (as  well  for  the 
advantage  of  our  Lord  the  King  as  the  Ck>mmonalty  aforesaid)  to  warn  the 
said  Commonalty  to  send  for  themselves,  four,  five,  or  six,  to  be  there  on 
the  day  that  the  said  Tinners  shall  have  to  them  appointed,  to  show,  for 
our  Lord  the  King  and  the  said  Commonalty,  how  the  said  Tinners  have , 
contrary  to  the  form  of  their  Charter,  badly  used  their  franchise." 

This  petition  is  endorsed,  **  Let  the  Tinners,  and  some  of  the  Common- 
alty who  shall  be  empowered  for  the  rest,  come  before  the  Chancellor  in 
Chancery,  and  show  the  Charters  and  Confirmations  of  which  the  Petition 
makes  mention  :  and  they  being  summoned  who  are  to  be  summoned,  and 
the  reasons  for  the  King  and  the  parties  being  heard,  let  right  be  further 
done." 
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Though  the  subject  of  this  petition  may  then  have  been  made  matter  of 
inquiry,  half  a  century  appears  to  have  elapsed  before  somewhat  eflBcient 
steps  were  taken  to  lessen  the  grievances  of  which  the  inhabitants  of  Devon 
complained  ;  for  we  find  that,  in  the  50th  of  Edward  111.(1377),  a  petition 
of  the  commonalty  of  Devon  was  presented  to  the  King  in  Parliament, 
pra}  ing  redress  for  the  same  grievances,  and  reciting  parts  of  the  charters  of 
the  3.3rd  Edward  I.,  when  it  was  directed  th^tthe  customs  and  usages  of  the 
tinners  should  be  diligently  inquired  into,  and  that  the  Warden  of  the  Stan- 
naries should  not  suffer  any  of  them  to  dig  in  the  meadows,  fell  the  woods, 
and  knock  down  the  houses  of  others,  nor  turn  the  waters  out  of  malice ; 
further  staling,  that  if  the  tinners  should  disobey  the  Warden,  the  King  in 
council  would  thereupon  find  a  due  and  speedy  remedy.* 

By  Carew's  statement  it  would  appear  that,  though  about  the  year  1600 
the  Cornish  tinners  only  claimed  to  work  without  permission  of  the  lord  or 
owner  of  the  land  upon  wastes  or  in  wastrall,  those  of  Devon  still  claimed 
the  right  *'  to  digge  for  tynne  in  any  man' s  ground,  inclosed  or  unclosed, 
without  licence,  tribute,  or  satisfaction/'t 


APPENDIX  B. 

Thb  following  is. the  translation  of  a  letter  contained  in  the  Red  Book  in 
the  Exchequer,  from  William  de  Wroth  am  and  others,  to  Hubert  Archbishop 
of  Canterbury,  Chancellor  of  England  ;  Geoffrey  Fitz  Peter,  Justiciary  of 
England  :  and  the  Barons  of  the  Exchequer ;  which  exhibits  the  regulations 
in  force  respecting  the  tin  coinage  in  Devon  and  Cornwall,  at  the  end  of  the 
l'2ih  or  commencement  of  the  13th  century.  Mr.  Hardy,  of  Her  Majesty's 
Record  Office  in  the  Tower,  to  whom  we  are  indebted  for  this  interesting  docu- 
ment, states  to  us  that  it  contains  internal  evidence  of  having  been  written 
before  the  year  1205. 

'•  The  Sheriff  of  Devonshire  and  Cornwall,  William  de  Wrotham,  Richard 
Fleming,  Robert  Champeaus,  Richard  Peverell  of  Honiton,  Richard  Fitz 
Walter,  Richard  Fitz  Gilbert,  Luke  Fitz  Bernard,  Henry  d'Aunay,  and 
Otho  Fitz  Frewin,  to  Hubert,  by  the  grace  of  God  Archbishop  of  Canter- 
bury, the  Lord  Geoffrey  Fitz  Peter,  and  to  all  the  Barons  of  the  Exchequer 
of  the  Lord  the  King,  send  greeting.  Know  ye  that  I,  the  Sheriff  of  Devon- 
shire and  Cornwall,  have  received  by  the  hand  of  William  de  Wrotham  the 
precept  of  the  Lord  Archbishop  of  Canterbury,  in  these  words : — 

Hubert,  by  the  grace  of  God  Archbishop  of  Canterbury,  Piimate  of  Eng- 
land, and  Legate  of  the  Apostolic  See,  to  the  Sheriff  of  Devonshire  and 
Cornwall,  greeting.  We  command,  on  behalf  of  the  Lord  the  King,  that, 
in  the  stead  of  Geoffrey  Fitz  Peter,  you  commit  to  William  de  Wrotham  all 
the  stannaries  of  the  Lord  the  King  in  your  bailiwick,  and  all  things  per- 

*  ParliameDt  Roll  of  the  50th  of  Edward  IIL,  No.  130,  preserved  among  the 
records  of  the  Tower  of  London, 
t  Survey  of  Cornwall,  p.  13. 
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taining  to  those  stannaries ;  and  cause  him  to  hold  the  tinners  in  that  free- 
dom which  they  ought  and  have  been  accustomed  to  have.  Cause  him  also 
to  have  all  those  lawftil  men  whom  the  said  William  shall  name  to  you,  and 
whom  for  this  he  shall  think  fit  to  assist  him  in  aid  and  counsel  in  takins 
charge  of  the  King's  coinage,  and  all  the  issues  of  the  same  slannaries,  and 
in  disposing  of  their  profits.  Also  prohibit  all  men,  in  common,  in  your 
bailiwick,  from  conveying  any  tin,  either  by  sea  or  by  land,  without  the  licence 
of  the  said  William ;  and  do  you  assist  him  to  your  utmost  in  expediting  the 
present  matter  Ibr  the  King,  so  that  he  may  proceed  in  the  business,  and 
the  Lord  the  King  incur  no  damage  by  your  default  Witness,  Stephen  de 
Turnham,  at  Westminster,  on  the  20th  day  of  November.  And  know  ye 
that  I,  the  Sheriff  of  Devonshire  and  Cornwall,  have  received  another  pre- 
cept of  the  Lord  Archbishop  of  Canterbury  in  these  words: — 

Hubert,  by  the  grace  of  God  Archbishop  of  Canterbury,  Primate  of  all 
England,  and  Legate  of  the  Apostolic  See,  to  the  Sheriff  of  DeYonshire  and 
Cornwall,  greeting.  We  command  you  that,  by  the  oath  of  twelve  free  and 
lawful  men  of  your  bailiwick,  by  whom  the  truth  of  the  matter  may  be  better 
known,  you  cause  diligently  to  be  inquired  what  were  the  weights  of  the  fir^t 
smelting,  and  what  were  the  weights  of  the  second  smelting ;  and  cause 
those  weights  hereafter  to  be  observed,  as  William  de  Wrotham,  bearer  of 
these  presents,  shall  tell  you.  Witness,  G.  de  Bocland,  at  Shrewsbury,  on 
the  7th  day  of  January. 

Also,  know  ye  that  we  have  received  the  letters  of  t)ie  Lord  Geoffrey 
Fitz  Peter  that  we  should  be,  with  William  de  Wrotham,  as  justices  in  the 
stead  of  Geoffrey  Fitz  Peter,  to  carry  into  effect  the  precept  of  the  Lord  of 
Canterbury  concerning  the  admeasurement  of  the  weights  of  the  first  and 
second  smeltings,  and  the  disposition  of  the  available  profit  of  the  King*s 
tin.  Whence  it  arises  that  the  Sheriff  of  Devon,  and  we.  William  de 
Wrotham,  Richard  Fleming,  Robert  de  Champeaus,  Richard  Peverell  of 
Honiton,  and  Richard  Fitz  Walter,  do  greet  the  Lord  Hubert  Archbishop  of 
Canterbury,  the  Lord  Geoffrey  Fitz  Peter,  and  all  the  Barons  of  the  King's 
Exchequer.  And  we  inform  you  that,  on  the  1 9th  day  of  January,  in  the 
ninth  year  of  the  reign  of  King  Richard,  in  full  county  court  at  Exeter,  we 
inquired,  upon  the  oath  of  Roger  Rabi,  Gervase  Merc,  Adam  de  Movinton, 
Martin  Prudhome,  Hugh  de  Movinton,  Walter  Fitz  Turbem,  William 
Hastiment,  Sampson  nephew  of  Ralph,  Geoffrey  Faierchild,  William  Dennis, 
John  Fitz  Ralph,  John  Caperun,  Philip  de  Sede,  Alfred  de  Brente,  Walter 
le  Bon  de  Tottneys»  Walter  Bolt,  Humphrey  Smith,  Ailward  Burgeis,  Osbert 
Prigge  de  Ashburton,  Ailward  Fairmund,  John  Prigge,  Robert  de  Prato, 
William  Etise  of  Plimpton,  Robert  de  la  Cnole,  Alfred  de  Lega,  and  Ely 
Mewi,  wise  and  discreet  jurors,  concerning  the  just  weights  of  the  tin  in 
Devonshire,  and  that  the  just  and  ancient  weight  of  the  city  of  Exeter,  by 
which  anciently  and  now  and  at  all  times  \he  second  smelting  of  tin 
was  wont  to  be  made,  is,  and  always  ought  to  be  of  such  quantity  that  the 
just  and  ancient  weight  of  the  first  smelting  of  tin,  anciently,  now,  and  at 
all  times,  was,  and  is,  as  eight  to  nine,  and  which  it  ought  to  be  by  the 
weightof  the  city  of  Exeter,  of  the  becond  smelting,  and  for  this  reason, 
viz.,  because  foV  every  thousand  weight  weighed  by  the  greater  weight  there 
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aK  given  to  the  Lord  the  King,  by  ancient  custom,  thirty  pence  for  the 
farm  of  the  stonnaries  in  Devonshire,  and  for  the  cost  of  the  carriage  to  the 
market-towns,  because  the  tin  wastes  in  the  second  smelting ;  and  accord- 
ing to  their  oath  in  such  quantity  they  are  measured  before  us,  and  settled 
in  the  stannaries  and  the  towns  in  Devonshire. 

And  we  also  inform  you  that,  on  the  above-written  19th  day  of  January, 
in  the  9th  year  of  the  reign  of  King  Richard,  William  de  Wrotham  first 
took  the  stannaries  of  Devonshire,  and  then  first  commenced  to  work  by  the 
weights  of  the  just  and  ancient  quantity  admeasured  and  settled  by  the 
oath  of  the  said  jurors.    Also  the  Sheriff  of  Cornwall,  and  we,  William  de 
Wrotham,  Richard  Fitz  Gilbert,  Luke  Fits  Bernard,  Henry  d'Aunay,  and 
Otho  Fitz  Frewin,  have  inquired  in  Cornwall,  in  full  county,  at  Launceston, 
on  the  25th  day  of  January,  in  the  9th  year  of  the  reign  of  King  Richard,  by 
the  oath  of  Herbert  the  Reve  of  Bodmine,  Nicholas  Fitz  Margaret,  Saul  de 
Bodmine,  John  Fits  Alfred,  Adam  Dai,  Osbert  the  Merchant,  Stephen  Fitz 
Bele,  Robert  Reustek  of  Truro,  Roger  the  Merchant,  Ailmar  the  brother 
of  Bernard,  William  de  Polstad  of  Liskeard,  William  de  Lanteisin,  Robert 
Preinos,  Fulk  de  Liskeard,  Robert  Tropinel,  William  Cole,  Aulf  the  Reve 
of  Lansaveton,  and  Dudman  de  Lansavetou,  wise  and  discreet  jurors,  con- 
oeniing  the  just  weights  of  the  tin  in  Cornwall,  and  that  the  just  and  ancient 
weight  of  the  second  smelting  of  the  tin  in  market-towns  in  Cornwall, 
anciently,  and  now,  and  at  all  times,  was  wont  and  ought  to  be  of  such 
quantity  that  the  just  and  ancient  weight  of  the  first  smelting  be  as  seven 
to  eight;  and  ihat  the  just  and  ancient  weight  of  the  first  smelting  of  tin 
in  Cornwall*  anciently,  and  now,  and  at  all  times,  was  wont  and  ought  to  be 
greater  by  thirty  pence  of  tin  than  the  weight  of  the  first  smelting  in 
Devonshire ;  and  for  this  reason,  that  for  every  thousand  weight  weighed 
by  the  greater  weight  there  are  given  to  the  King,  by  ancient  custom,  five 
shillings  for  the  farm  of  the  stannaries  in  Cornwall,  and  for  the  cost  of 
carriage  to  the  market-towns,  because  the  tin  wastes  in  the  second  smelting. 
And,  upon  the  oath  of  the  same  jurors,  in  like  quantity  are  measured  and 
established  before  us  in  the  stannaries  of  Cornwall  and  in  the  market- 
towns.    And  we  also  inform  you  that,  on  the  above-written  25th  day  of 
January,  in  the  9th  year  of  the  reign  of  King  Richard,  William  de  Wrotham 
first  took  the  stannaries  of  Cornwall,  and  then  first  commenced  to  work  by 
the  weights  of  the  just  and  ancient  quantity,  admeasured  and  established 
by  the  oath  of  the  aforesaid  jurors.    We  also  inform  you  that  the  Lord  the 
King,  from  the  time  after  William  de  Wrotham  took  the  stannary,  shall 
have  of  new  annual  rent  from  every  thousand  weight,  weighed  by  the 
weight  of  the  second  smelting,  one  mark  of  silver,  which  weights  of  the 
second  smelting  in  Devonshire  and  Cornwall  are  admeasured  by  equal 
weight   and  established  by  equal  quantity.      Also  we  inform  you  that 
neither  the  King's  mark  of  new  rent  of  tin,  nor  the  ancient  customs  of 
the  fi&rm  of  tin,  nor  the  weighings  of  tin,  can  (as  it  appears  to  us)  in  any 
manner,  be  better,  more  legally,  exactly,  or  conveniently  collected,  for  the 
advantage  of  the  King  and  the  people,  than  it  is  now  provided  by  the  chap- 
ters which  are  made,  concerning  tin  and  the  tinners  in  Devonshire  and  Corn- 
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wall,  by  our  Council  and  by  the  providence  of  William  de  Wrotham,  in  Um 
9tb  year  of  the  reign  of  King  Richard :  these  to  wit — 

All  the  diggers  and  buyers  of  black  tin,  and  the  first  smelters  of  tin,  and 
the  traders  in  tin  of  the  first  smelting,  shall  have  the  just  and  ancient  cus- 
toms  and  liberties,  established  in  Devonshire  and  Cornwall ;  and  also  all  the 
just  and  ancient  weights  of  the  first  and  second  smeltings  of  tin,  ordained 
by  the  oath  of  the  above-written  jurors,  and  stamped  with  the  stamp  of  the 
Lord  the  King,  shall  be  kept. 

Also  all  men  shall  have  common  emption  of  tin,  by  just  ancient  and  free 
customs,  as  they  ought  and  are  wont  to  have,  upon  paying  a  mark  for  each 
thousand  weight  of  the  second  smelting. 

Also  in  boroughs  and  market-towns  in  which  the  Chief-Warden  of  the 
Stannaries  shall  direct  a  second  smelting,  the  Lord  the  King  shall  have 
thereof,  de  novo,  one  mark  for  each  thousand  ^eight ;  the  second  smelting 
of  the  tin  shall  be  by  weight  of  the  city  of  Exeter,  and  the  same  weight  shall 
be  stamped,  with  the  stamp  of  the  Lord  the  King,  for  one  mark. 

Also  the  established  weight  of  the  city  of  Exeter  is  always  to  be  committed 
to  the  custody  of  two  lawful  men  in  market-towns,  and  of  a  clerk  appointed 
on  behalf  of  the  King. 

Also  the  one-mark  stamp,  by  which  the  weight  ought  to  be  stamped,  and 
all  the  tin  of  the  second  smelting,  shall  be  always  kept  under  the  seal  of  the 
keeper  of  the  weight  of  the  second  smelting,  and  of  the  derk  appointed  on 
behalf  of  the  King,  unless  whilst  it  is  being  used  by  them. 

Also  the  keepers  of  the  second  smelting  and  the  clerk  shall  (as  they  value 
their  persons)  diligently  and  perfectly  cause  to  be  recorded  all  the  thousand 
weights,  hundred  weights,  and  pound  weights  which,  by  the  weight  and 
stamp  in  their  custody,  shall  be  weighed  and  stamped,  during  the  whole  year. 

Also  in  each  town  where  there  shall  be  a  second  smelting,  two  lawful  and 
wealthy  men  shall  be  appointed,  who  shall  receive  from  the  traders  the 
mark  for  the  Lord  the  King  (in  the  presence  of  the  keepers  and  clerk  of  the 
second  smelting  and  stamp)  for  the  weighing  and  stamping.  And  the  clerk 
and  keepers  of  the  stamp  shall  not  permit  the  tin  to  be  removed  until  the 
treasurer  of  the  Lord  the  King  shall  have  received  the  mark  for  the  Lord  the 
King  and  the  tin  custom. 

Also  the  treasurers  appointed  to  receive  the  mark  for  the  Lord  the  King 
shall  make  tallies  and  chirographs  respecting  such  marks,  against  the  keepers 
and  clerk  of  the  weights  and  stamp.  And  in  the  chirographs  shall  be  con- 
tained the  day  of  receipt,  the  money  received,  the  number  of  thousand 
weight,  hundred  weight,  and  pounds  weight  received,  and  the  names  of  the 
traders  who  shall  have  acquired  tin. 

Also  the  treasurers  of  the  Lord  the  King  shall,  in  like  manner,  deliver  ihe 
treasure  of  the  Lord  the  King  to  the  Chief-Wardenof  the  Stannaries,  by  the 
like  tallies  and  chirographs. 

Also  the  Chief- Warden,  or  any  of  his  officers,  shall  not  presume,  in  any 
manner,  to  disturb  the  King's  treasurers  during  their  lives,  or  their  heirs 
afrer  the  death  of  their  fathers,  so  long  as  they  can  reasonably  acquit  them- 
selves of  tho  receipt  of  the  Kind's  treasure,  according  to  the  tallies  and  chiro- 
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graphs  made  against  the  keepers  of  the  second  smelting  and  the  clerk  of  the 
Lord  the  King. 

Also  the  keepers  of  the  stamp  and  weight,  and  the  clerk  of  the  Lord  the 
King,  shall  always  in  their  common  custody  keep  safely  under  their  seals 
the  tallies  and  chirographs  made  against  the  treasurers,  and  under  such  a 
lock,  that  each  of  them  shall  have  a  separate  key. 

Also  the  notary-clerk  of  the  King's  mark,  and  the  clerk  of  the  chirographs 
of  the  mark,  shall  he  retained  in  the  King'9  wages  and  livery. 

Also  in  each  town  where  there  shall  he  a  second  smelting  (not  within  the 
walls  of  the  city  of  Exeter  and  the  town  of  Bodmin)  one  house  at  the  hiring  of 
the  King  shall  he  appointed  where  all  the  second  smelting,  weighing,  and 
stamping  shall  he  done ;  and  no  one,  as  he  valueth  his  person  and  his  goods, 
shall  presume  elsewhere  to  make  a  second  smelting,  weighing,  or  stamping. 

Also  in  the  city  of  Exeter  and  in  the  town  of  Bodmin  tin  shall  he  smelted 
in  the  second  smelting,  in  places  as  hitherto  accustomed,  with  this  proviso, 
that  no  one,  as  he  valueth  himself  and  his  goods,  shall  presume  to  make  a 
second  smelting,  unless  in  the  presence  of  the  keepers  of  the  weight  and 
smelting  and  of  the  clerk  appointed  on  hehalf  of  the  King. 

Also  no  one  in  market-towns  shall  presume  to  have  any  weights  hy  which 
he  shall  weigh  tin,  unless  hefore  the  keepers  of  the  weight,  until  it  has  heen 
weighed  hy  the  weight  of  the  Lord  the  King,  and  stamped  with  the  stamp 
of  one  mark  for  the  Lord  the  King. 

Also  for  the  custody  of  the  weight  of  the  first  smelting,  and  the  stamp  of 
the  farm  of  which  the  Lord  the  King  shall  have  his  ancient  customs  pertain- 
ing to  the  farm  of  the  Stannaries,  there  shall  he  appointed  two  lawful  men 
and  a  clerk  on  hehalf  of  the  King,  before  whom  all  the  tin  of  the  first  smelt- 
ing shall  be  weighed  and  stamped. 

Also  the  keepers  and  clerk  of  the  first  smelting  of  tin,  as  they  value  them- 
selYes  and  their  goods,  shall  diligently  and  perfectly  record  all  the  thousand 
weights,  hundred  weights,  and  pound  weights  which  shall  in  the  whole  year 
he  weighed  and  stamped  by  the  weight  and  stamp  in  their  custody. 

Also  neither  man  nor  woman.  Christian  nor  Jew,  shall  presume  to  buy  or 
sell  any  tin  of  the  first  smelting,  nor  to  give  or  remove  any  of  the  first  smelting 
from  the  Stannary,  or  out  of  the  place  appointed  for  weighing  and  stamping, 
until  it  shall  he  weighed  and  stamped  in  the  presence  of  the  keepers  and 
clerks  of  the  weight  and  stamp  of  the  farm. 

Also  neither  man  nor  woman.  Christian  nor  Jew,  shall  presume,  in  the 
Stannaries  nor  out  of  the  Stannaries,  to  have  in  his  or  her  possession  any  tin 
of  the  first  smelting  beyond  a  fortnight,  unless  it  be  weighed  and  stamped 
by  the  keepers  and  clerk  of  the  weight  and  farm  stamp. 

Also  neither  man  nor  woman.  Christian  nor  Jew,  in  market-towns  and 
boroughs,  on  sea  or  on  land,  shall  presume  to  keep  beyond  thirteen  weeks 
tin  of  the  first  smelting  weighed  and  stamped,  unless  it  be  put  into  the 
second  smelting  and  the  mark  discharged. 

Also  neither  man  nor  woman.  Christian  nor  Jew,  shall  presume  in  any 
manner  to  remove  tin,  either  by  sea  or  by  land,  out  of  the  counties  of  Devon 
and  Cornwall,  unless  he  or  she  first  have  the  licence  of  the  Chief- Warden 
of  the  Stannaries. 
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Also  good  and  lawful  men  are  establiKhed  in  the  ports  around  Devonsbtre 
and  Cornwall,  to  take  the  oaths  of  all  the  steersmen  and  mariners  then 
landing,  that  they  will  not  remove,  nor  allow  to  be  removed,  in  their  ships, 
any  tin,  unless  it  be  weighed  and  stamped  by  the  royal  customs,  and  un- 
less they  have  a  writ  from  the  Chief- Warden  of  the  Stannaries. 

Also  the  stamp  of  the  farm  shall  be  always  kept  under  the  seal  of  the 
keepers  and  clerk,  unless  whilst  being  used  in  the  appointed  places. 

Also,  in  all  weighings  of  tin,  the  tongue  of  the  balance  shall  be  even  be- 
tween the  weight  and  the  tin,  so  that  at  the  will  of  the  buyer  the  iongae 
of  the  balance  be  not  brought  towards  the  tin  beyond  the  true  equipoise. 
And  that  the  Lord  the  King,  and  the  Lord  Hubert  Archbishop  of  Canter- 
bury, and  the  Lord  Geoffrey  Fitz  Peter,  and  all  the  Barons  of  the  Exchequer 
may  know  that  we  have  diligently  and  readily  applied  all  our  care,  zeal,  and 
solicitude,  with  William  de  Wrotham,  to  provide  for  the  advantage  of  the 
King  in  respect  of  his  tin ;  and  that  the  Lord  the  King  may  not  henop- 
forth  be  easily  cheated  or  deceived  by  any  person  in  the  world,  we  have 
made  four  chirographs  hereof,  and  we  have  sent  one  to  the  Lord  Archbishop 
of  Canterbury  and  the  Barons  of  the  Exchequer  ;  another  to  the  I>>id 
Geoffrey  Fitz  Peter.  We  have  delivered  a  third  into  the  common  custody 
of  the  treasurers  of  the  mark  of  the  Lord  the  King,  and  the  keepers  of 
the  stamps  and  weights  of  Devonshire  and  Cornwall ;  and  we  have  given 
the  fourth  to  William  de  Wrotham,  in  testimony.  To  each  of  the  chirographs 
we  have  set  our  seals.'* 


APPENDIX  C. 

For  the  following  observations  respecting  Cornish  steam  pumping-engines, 
more  particularly  relating  to  their  progressive  improvements  as  measured  by 
duty,  we  are  indebted  to  I.  S.  Enys,  Esq.,  of  Enys,  who  is  well  known  to 
have  devoted  much  time  and  attention  to  the  subject.  We  greatly  regret 
that,  from  the  space  to  which  we  are  necessarily  limited,  we  are  unable  to 
furnish  more  than  an  abstract  of  a  portion  of  the  observations  which  he  was 
kind  enough  to  prepare  at  our  request  for  the  use  of  the  survey;  but  it  is 
hoped  that,  though  comparatively  short,  this  abstract  may  be  found  useful. 
We  cannot  refer,  Mr.  Enys  says,  to  the  increase  of  depth  in  the  Cornish  mines 
without  considering  the  progressive  improvements  in  the  steam-engines  by 
means  of  which  their  drainage  has  been  effected.  As  a  rough  approximation, 
each  successive  depth  of  100  fathoms  maybe  attributed  respectively  to  New- 
comen's  engine.  Watt's  low-pressure  engine,  and  to  Watt's  engine  using  high- 
pressure  steam  expansively.  The  latter  appears  of  sufficient  importance  to 
constitute  an  epoch  in  the  driiinage  of  mines.  The  followtng  table  contains 
several  particulars  connected  with  each  kind  of  engine  :-— 


Digitized  by  VjOOQIC 


APPENDIX. 

(3;J5 

lewoomen**.    Watt*s  low  preatare 
often  expan^ive. 

72iiingle     ,     .     63  double 

Watt'tihighpmsure 

iexpanfive. 
.     .     90  single 

6  to  74       .     .       fi  to  9     .     < 

1720  to  1778  .     .     1778  to  1812  . 

3 to  7         .     .     12to9     ,     . 

fl9i  in  17931 
\  174  in  1798 

90       .     .     .     200     .     .     . 

.     .     .     3tol8 
.     .     1812  to  1838 
20  to  93 

About  50 

290 

Enginei. 

Largest  Cylinder  1 

in  inches  j 

Load  in  lbs.  per  square) 

inch  ) 

Period  of  use  .  .  . 
Highest  Duty  in  Mil-) 

lion  lbs.  j 

Avvrage  Duty  in  Mil-j 

lion  lbs.  j 

Depth  of  mines  worked ) 

in  fathoms  j 

The  knowledge  of  the  duty  performed  by  the  Cornish  steam-en js^ines  in 
the  last  century,  has  been  chietly  preserved  in  the  Philosophical  Trans- 
actions of  1827  and  1830,  by  Mr.  Davies  Gilbert,  who  formed  one  of  a  com- 
mittee  in  1798,  appointed  to  inquire  into  the  alleged  decrease  of  the  duty 
performed  by  Watt's  patent  engines,  as  deduced  from  the  calculated  weight 
of  water  in  the  pumps,  multiplied  by  the  space,  in  feet,  of  motion  given  to  it 
by  the  consumption  of  each  bushel  of  coal.  This  method  of  estimating  the 
work  performed  by  steam- engines  originated  in  the  agreement  made  be- 
tween Watt  and  the  mining  adventurers,  that  he  should  receive  one-third  of 
the  saving  of  coal  effected  by  the  use  of  his  engines,  in  the  performance  of 
an  equal  amount  of  work,  when  compared  with  the  coal  used  in  Newcomen's 
engines  of  the  original  construction.  The  nature  of  this  agreement  shows 
that  a  decrease  of  the  enormous  coal-expenditure,  to  which  they  were  then 
subject,  was  more  the  object  of  the  miners  than  an  increase  of  power ;  indeed, 
not  one  of  the  engines  reported  in  1798  appears  to  have  possessed  so  much 
power  as  the  72-inch  atmospheric  engine  erected  by  Smeaton,  in  1775,  at 
Wheal  Busy,  near  Chase  water.  The  best  atmospheric  engine  erected  in 
Cornwall,  is  said  to  have  been  made  on  similar  principles  by  Bridge,  an 
engineer  of  Camborne.  In  both  these  engines,  the  cylinder  had  been  re- 
moved from  its  old  position  over  the  dome-headed  boiler. 

In  1778  a  committee,  consisting  of  gentlemen  and  agents  connected  with 
the  mines,  together  with  Messrs.  Boulton  and  Watt,  superintended  a  trial 
of  the  two  steam-engines  at  Poldice  Mine,  in  Gwennap,  and  reported  that 
the  engines  together  worked  4  lifts  of  1 7-inch  pumps,  58  fathoms  in  depth, 
with  a  stroke  of  5^  feet,  at  the  rate  of  6  strokes  per  minute,  consuming 
14,080  Winchester  busliels  of  coals  in  61  days.  Hence,  the  load  was 
1 7  X  2,0454  lbs.  (the  weight  of  a  circular  inch  of  water  one  fathom  in  length) 
X  58  fathoms  =  34,285  lbs.  The  space  of  motion  per  bushel  of  coal  was  5^  feetX 
6  strokes =33  feet,  per  minute;  X6.23S5  minutes  (the  average  time  of  the 
consumption  of  each  bushel  of  coal)  =  205.87  feet,  and  consequently,  34,285lbs. 
X 205.87  feet  =  7,058,252  duty.  A  performance  which,  from  that  time,  was 
considered  the  standard  of  Nevvcomen  s  engines. 

At  present,  the  consumption  of  an  imperial  bushel  of  coals  will  readily 
produce  about  100  strokes,  8}  feet  in  the  pumps,  with  a  load  of  85,530  lbs. ; 
hence,  85,530 lbs. X  875  feet=  74,838.750  duty,  and  deducting  5  per  cent,  for 
the  difference  between  the  Winchester  and  imperial  bushel,  the  duty  for  com- 
parison with  the  standard  becomes  71,096,813. 
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The  piston  of  steam-engines  is  most  commonly  calculated  to  move  at  the 
rate  of  220  feet  per  minute,  or  2^  miles  per  hour,  a  velocity  considered  most 
advantageous  for  a  horse.  The  latter  is  supposed  capable  of  lifting  :  50  lbs. 
over  a  pulley  for  8  hours  at  this  rate:  hence,  a  steam  pressure  of  1 50 lbs., 
exclusive  of  engine  resistances,  on  a  piston  moving  at  220  feet  per  minute, 
was  considered  equivalent  to  a  horse-power,  though  it  is  more  usually  ex- 
pressed as  33,000  lbs.»  raised  one  foot  high  for  convenience  in  the  esti- 
mate of  a  greater  or  less  neat  steam  pressure  at  other  velocities  per  minute. 

In  Davey's  engine,  in  the  Consolidated  Mines,  Gwennap  (80-inch  cylin- 
der and  !  1}  feet  stroke),  steam  of  20  lbs.  pressure  above  the  atmospheric,  or 
34.75  lbs.  pressure,  is  admitted  into  i  of  the  cyhnder,  after  which  the  com- 
munication with  the  boiler  is  closed,  and  the  steam  is  worked,  expansively,  in 
the  remaining  }  of  the  cylinder,  aided  by  the  nozzle  steam,  which  amounts 
to  about  i  of  the  quantity  of  steam  used  in  each  stroke.*  By  an  indicator 
the  mean  pressure  in  the  cylinder  has  been  shown  to  be  about  1 9^  lbs.  per 
square  inch,  so  that  by  taking  f  as  effective,  we  should  have  4,784,748  lbs., 
raised  one  foot  high,  or  1 45  horse  power.  When  the  engine  rises  above  its 
usual  rate  of  6  strokes  per  minute,  to  ]  0  strokes,  at  which  it  has  worked,  its 
power  would  be  then  increased  to  240  horse  power.  The  calculated  load  in 
the  shaft  amounts  to  I3.121bs.  per  square  inch  on  the  piston,  and  when  defi- 
cient water  delivery  is  deducted,  and  the  pitwork  friction  is  added,  the  esti- 
mate coincides  as  nearly  as  could  be  expected. 

As,  fortunately,  the  water  delivery  is  increased  in  most  cases  as  the  pit- 
work  friction  is  reduced,  the  above  method  of  calculating  the  duty  performed 
is  found  to  afford  a  tolerably  fair  estimate,  even  at  different  periods,  of  the 
performances  of  steam-engines,  which,  as  is  usually  the  case,  form  one  ma- 
chine, compounded  of  boiler  and  engine.  Watt  received  payment  for  the 
whole  machine,  whether  depending  upon  boiler  or  engine ;  thus  he  obtained 
his  proportion  of  the  savings  in  coal  produced  by  the  substitution  of  rectan- 
gular instead  of  the  old  dome-headed  boilers,  and  which  were  not  due  to  his 
patent  engine.  In  like  manner,  part  of  the  present  increased  duty  of  Cornish 
engines  is  due  to  the  greater  evaporation  effected  in  Trevithick's  boilers,  in 
consequence  of  the  great  extent  of  their  flue-surface. 

The  causes  of  the  increase  of  duty  in  Cornish  pumping  steam-engines 
may  be  classed  under  the  heads  of— Ist,  A  reduction  of  pit- work  resistances, 
if  not  balanced  by  an  increase  of  water  delivery ;  2nd,  A  reduction  of  engine 
resistances,  jointly  with  an  increase  of  power,  from  a  given  quantity  of  steam ; 
and  3rd,  An  increase  of  water  evaporated,  in  cubic  feet,  in  the  boilers  per 
bushel  of  coal  consumed. 

At  all  periods  the  friction  in  the  pumps,  on  a  given  load,  has  varied  in 
different  shafts,  from  several  causes,  among  which  may  be  enumerated,  the 
original  quality  of  the  workmanship  of  the  pit-work,  the  state  of  order  in 
which  it  is  kept,  the  length  and  number  of  the  lifts,  the  diameter  of  the 
pumps,  the  underlie  of  the  shaft,  and  the  use  of  flat  rods  to  work  a  second 

*  In  April,  1838.  this  engine  was  making  7}  strokes  per  minute,  and  the  commu- 
nication between  the  boiler  and  the  cylinder  was  only  open  for  a  }  second  at  each 
stroke. 
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column  of  pumps  in  another  shaft.  Tlie  delivery  of  the  actual  water  raised, 
as  compared  with  that  calculated,  has  also  always  varied  from  the  impracti- 
cability of  at  all  times  supplying  the  exact  quantity  of  water  to  the  cisterns, 
when  pumps  of  different  diameters  are  employed  at  different  lifts,  especially 
when  part  of  the  water  is  taken  from  the  upper  levels  which  are  liable  to  be 
affected  by  rain  in  winter,  or  where  two  columns  of  pumps  are  worked  in 
separate  shafts  of  unequal  depth,  independently  of  leakages  of  all  kinds. 
All  these  various  causes  of  error  have  been  neglected  for  the  sake  of  a  con- 
venient method  of  comparing  the  work  performed  by  the  steam-engines  with 
the  different  velocities  and  loads,  within  certain  limits,  a  course  rendered 
necessary  by  the  nature  of  the  agreement  between  Messrs.  Boulton  and  Watt 
and  the  mining  adventurers;  and  since  1812,  when  the  patent  for  these  en- 
gines terminated,  by  the  spirited  competition  which  has  been  established 
among  the  mining  engineers,  by  the  monthly  report  on  the  duty  of  the 
Cornish  engines. 

Since  1775,  the  most  important  changes  in  the  pit-work,  exclusive  of  the 
general  attention  to  avoid  leakage  in  the  pumps  and  valves,  and  the  better 
packing,  accompanied  by  an  increased  water  delivery,  have  been  the  substitu- 
tion of  one  connected  main-rod,  with  offsets  to  work  each  separate  lift  of 
pumps,  instead  of  a  separate  rod  to  each  lift,  and  also  the  introduction  of 
plunger-pole  instead  of  bucket-pumps. 

Tlie  original  introduction  of  plunger-poles  is  unquestionably  due  to  Boul- 
ton and  Watt,  under  the  direction  of  Murdock.  The  plunger-pole  pump, 
however,  came  into  general  use  long  after  the  expiration  of  Watt's  patent. 
Its  effect  on  the  increase  of  duty  is  in  some  degree  counterbalanced  by  the 
improvement  in  the  actual  water  delivery  due  to  the  great  facility  with  which 
the  packing  is  tightened  without  stopping  the  engine,  or  replaced  without 
drawing  the  pump-rods,  operations  which,  from  their  attendant  difficulty,  were 
often  too  long  delayed  in  bucket-pumps. 

Having  alluded  to  the  nature  of  the  work  to  be  done,  we  may  consider 
the  requisites  of  a  good  mining  engine,  which  consists  in  the  facility  with 
which  the  number  of  strokes  per  minute  can  be  increased,  and  also  the  load 
in  the  shaft ;  the  first  augments  tlie  quantity  of  water  delivered,  the  second 
enables  the  mine  to  be  deepened  without  the  expense  of  a  new  engine. 
Both  Newoomen'a  and  Watt's  engines  were  deficient  in  the  latter  point, 
from  the  limited  increase  of  load  allowable  upon  the  pistons :  hence,  as  the 
mine  deepened,  it  was  customary  to  load  the  engine  to  its  fullest  extent, 
and,  in  Watt's  engines,  often  to  some  degree  of  risk  with  boilers  formed  of 
flat  plates.  When,  therefore,  the  mine  was  poor,  it  was  abandoned ;  and, 
if  rich,  another  engine  was  erected  to  work  the  deeper  levels,  and  relieve 
the  older  engine  from  the  excess  of  its  load.  Under  these  circumstances, 
the  engines  so  worked,  that  one  brought  the  water  from  the  sump,  until 
it  was  lifted  by  the  other  to  the  adit :  the  consequence  of  which  was,  that 
if,  from  accident,  one  engine  stopped,  the  lower  levels  of  the  mine  became 
full  of  water.  At  present,  moat  of  the  engines  using  high-pressure  steam 
lift  their  loads  of  water  from  their  respective  sumps,  or  bottoms  of  the  shafts : 
and  in  the  larger  mines,  in  case  of  accident  to  one  engine,  the  water  is 
drawn  by  the  other  engines,  which  are  then  made  to  work  faster  in  con- 
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sequence ;  this  beiDg,  however,  only  practicable  where  there  id  a  reserve  o( 
power  in  the  engines,  on  the  mine  generally,  so  that  they  are  worked  at  4 
less  number  of  strokes  than  they  are  capable  of  making. 

Newoomen  first  afforded  the  Cornish  miner  an  expensive  but  efficient 
machine  to  drain  their  mines.  The  average  daily  consumption  of  two  of 
these  engines,  with  72  and  66-inch  cylinders,  at  Wheal  Busy,  amounted  to 
320  bushels  of  coal,  exceeding  that  consumed  in  any  two  of  the  largest  pump- 
ing steam-engines  at  present  in  the  county.  Watt*s  engines  soon  enabled 
the  mines  to  be  worked  to  a  depth  before  considered  unattainable,  and  laid 
the  foundation  for  further  improvement.  The  present  limit  to  the  depth  of 
the  mines  will  probably  be  found  in  other  causes  than  in  any  want  of  power 
to  effect  the  drainage  at  reasonable  cost.  Soon  after  Watt's  patent  expired 
in  1800,  it  was  thought  that  the  cost  of  working  the  eno:ines  had  not  de- 
creased to  the  amount  anticipated  from  the  cassation  of  the  allowance  for 
coal- savings  previously  paid  to  Boulton  and  Watt;  but  this  was  not  ascer- 
tained to  be  well  founded  until  1811,  when  the  average  duty  of  several 
engines  was  found  to  be  only  equal  to  13,500,000.  Watt's  counters  were 
then  again  employed  in  Cornwall  under  the  care  of  Captain  Lean,  and  the 
effect  of  this  measure  was,  in  the  first  year,  to  raise  the  average  duty  to 
20,000,000,  showing  that  inattention,  and  not  inferiority  in  the  engines,  had 
produced  the  previous  deterioration  in  duty.  It  was  rather  before  this  pe- 
riod that  Woolf  introduced  into  Cornwall  the  use  of  high- pressure  steam, 
worked  expansiyely  in  a  double-cylinder  engine,  similar  to  that  of  Horn- 
blower.  His  engines  performed  a  duty  of  50,000,000  as  early  as  1816 ;  and 
he  kept  the  lead  in  the  monthly  reports  for  nearly  fifteen  years,  though 
closely  followed  by  other  engineers,  Jeffree,  Gribble  and  Sims,  and  others, 
using  high-pressure  steam,  generated  in  Trevethick's  boilers,  expansively  in 
Watt's  engine.  The  double-cylinder  engines  were  never  favourites  with  the 
mining  agents,  and  their  use  appears  to  have  been  abandoned  about  1827, 
when  Grose  re-introduced  clothing,  so  necessary  when  high-pressure  steam 
is  used,  in  a  very  efficient  manner,  and  first  reached  a  duty  of  80,000,000  in 
engines  of  Watt's  oonstruction  at  Wheal  Towan.  Homblower,  in  1781, 
took  out  a  patent  to  work  steam  expansively  in  a  double- cylinder  engine; 
and  Watt,  in  the  ensuing  year,  obtained  a  similar  patent  for  his  engines, 
and  is  said  to  have  been  well  acquainted  with  its  advantages  at  an  earlier 
period.  Homblower  was  an  engineer  employed  in  the  erection  of  atmo- 
spheric engines  in  Cornwall,  and,  from  the  nature  of  his  profession,  had 
ample  opportunities  of  becoming  well  acquainted  with  the  expansion  of 
steam  before  he  ventured  to  take  out  a  patent,  and  was,  at  all  events,  the 
first  who  brought  this  subject  before  the  notice  of  the  public.  Both  parties 
appear  to  have  been  unable  to  attain  the  practical  advantages  equivalent  to 
theory,  possibly  fh>m  their  fear  of  high-pressure  steam,  which  seems  to  have 
been  justified  by  the  boilers  of  that  period. 

The  reduction  of  engine-resistances  has  been  mentioned  as  having  pro- 
duced an  increase  of  duty  in  recent  engines :  this  is  partly  due  to  better 
workmanship,  the  increased  size  of  the  engines  themselves,  the  less  burden 
on  the  air-pump  from  steam,  at  only  one-half  or  two-thirds  of  the  pressnie 
usual  in  Watt's  engines,  when  admitted  into  the  condenser  after  expansion. 
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and  perhaps  in  a  glight  degree  to  the  adoption  of  Hornblower  «  double  beat- 
valves,  by  means  of  which  the  larj^st  engines,  using  high-pressure  steam, 
are  managed  with  the  greatest  facility ;  for  with  a  12-inch  steam- valve  the 
pressure  of  30  lbs.  steam  is  reduced  from  above  3000  lbs.  to  about  800  lbs., 
since  the  steam-pressure  acts  only  on  the  seating  of  the  circumference,  and 
not  on  the  whole  valve. 

The  difficult  question  of  the  relative  friction  and  resistances  of  a  given 
load  in  the  different  shafts,  has  always  been  avoided  by  the  mining  adven- 
turers in  their  estimate  of  work  performed.  Were  it  possible  to  obtain  the 
whole  performance  in  lbs.  lifted  one  foot  high  per  bushel  of  coals  consumed, 
perhaps  several  engines,  whose  pitwork  is  disadvantageous,  would  be  found 
in  a  higher  relative  position  than  they  now  occupy  at  present,  or  have  formerly 
occupied. 

The  subjoined  account  of  the  weight  and  cost  of  the  pitwork  in  the  shaft 
of  Davey*s  engine,  in  the  Consolidated  Mines,  will  afibrd  a  better  idea  of  the 
subject  than  the  number  of  lbs.  lifted  one  foot  by  the  consumption  of  one 
bushel  of  coals : — 
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In  order  to  illustrate  the  value  of  Cornish  engines,  and  their  connexion 
with  the  pumping  apparatus  in  the  shafts,  the  following  particulars  re- 
specting Davey's  engine  and  the  pitwcn'k  in  the  shaft, are  subjoined:— 

It  appears,  from  the  report  of  February,  1838,  that  in  30  days,  this  engine 
made  269,200  strokes  of  8*75  feet  each  in  the  shaft,  by  the  consumption  of 
2859  bushels  of  coal,  or  120  tons  of  coal  per  month ;  hence,  each  bushel 
worked  the  engine,  on  the  average,  15*11  minutes,  making  about  94  strokes 
per  bushel,  the  load  of  85,530  lbs.  being  lifted  823^  high,  or  70,434»155  lbs. 
one  foot  high  per  bushel. 

At  each  stroke,  a  quantity  of  water,  equal  to  8i  feet  of  a  12-inch  pipe,  was 
delivered  at  the  adit  from  a  depth  exceeding  1600  feet,  being  33^  gallons,  or 
more  than  half  a  hogshead ;  while,  in  addition,  45  gaUons  were  delivered  at 
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the  surface  for  injection-water,  and  for  turning  water-wheels  at  a  level  ahove 
the  adit.  To  effect  this  delivery,  a  weight  of  more  than  300  tons  is  put 
into  motion  at  each  stroke,  whidh  is  balanced,  with  the  exception  of  the  load 
in  the  shaft,  equivalent  to  the  weight  of  the  column  of  water,  and  amounting 
to  38  tons  3  cwt. 

The  main  rod,  which  is  290  fathoms  long,  is  formed  for  about  the  first  120 
fathoms,  of  two  12-inch  square  Riga  baulk,  each  from  50  to  70  feet  in  length, 
and  afterwards  of  15-inch  square  baulk,  decreasing  to  14  and  12-inch  in 
descending.  The  whole  is  connected  together  by  iron  straps  for  a  distance 
of  one-third  of  a  mile  perpendicular,  and  during  action  is  kept  in  a  proper 
position  by  40  guides  in  the  shaft.  In  consequence  of  the  bad  or  corrosive 
water  pumped  up,  the  interior  of  the  pumps  is  lined  with  wood,  which  in- 
creases the  friction  of  the  water  rising  through  them. 

In  consequence  of  the  reciprocating  action  of  the  pit-work,  as  a  greater 
power  is  required  to  commence  than  to  continue  motion,  an  engine  working 
with  full  pressure  in  pumping  without  air-boxes,  as  is  usual  in  mines,  is  ac- 
celerated towards  the  end  of  the  stroke.  Watt  employed  expansion  suffi- 
cient to  guard  against  danger  from  this  cause ;  but  the  fear  of  high-pressure 
steam  at  that  period  prevented  both  him  and  Hornblower  from  employing 
steam  high  enough  to  be  capable  of  moving  a  load  equal  to,  and  often  greatly 
exceeding,  the  full  load  of  a  low-pressure  engine,  and  thereby,  with  a  small 
relative  amount  of  resistances,  obtaining  a  variable  power  to  coincide  with  a 
variable  load. 

In  engines  where  the  steam  is  used  more  than  five'times  expansively,  the 
velocity  of  the  piston  is  sometimes  visibly  diminished  towards  the  end  of  the 
stroke.  In  other  cases,  the  low  duty  of  an  engine  may  be  traced  to  a  small 
amount  of  expansion,  when  the  steam  is  not  cut  off  until  the  half  stroke,  the 
weak  flat  rods  under  ground  not  being  able  to  bear  high  steam.* 

In  Davey's  engine,  steam  of  about  34|  lbs.  pressure,  as  shown  by  an  in- 
dicator, is  admitted  on  the  piston  ;  the  steam  valve  is  shut  at  one-fifth  part 
of  the  whole  stroke,  and  the  opening  closed  between  the  cylinder  and 
boiler ;  the  remaining  four-fifths  of  the  stroke  is  completed  by  the  expansive 
action  of  the  diminishing  steam  pressure,  aided  by  the  momentum  acquired 
by  the  pit-work.  The  actual  steam  pressure  on  the  piston  is  just  80  tons, 
becoming  scarcely  18  tons  at  the  termination  of  the  stroke.  The  leverage 
of  the  main  beam  about  balances  the  resistances  of  the  engine,  and,  there- 
fore, these  weights  may  be  considered  as  the  neat  moving  power  acting  di- 
rectly on  the  pit-work  resistances  and  the  load  of  38  tons. 

The  worst  engines  now  reported  almost  reach  the  average  of  the  four  best 
of  Watt's  engines  working  in  1 798,  and  their  average  size  is  rather  less. 
The  average  duty  of  23  engines,  in  one  month,  in  1 798,  was  1 7^  millions,  and 
consequently,  19^  millions  per  imperial  bushel  of  Swansea  coal.    At  that 

*  Strong  pit-work  is  necessary  for  the  system  of  working  steam  expansively.  In 
several  instances  a  low  duty  can  be  traced  to  a  weak  part  of  the  rods,  which  can  only 
bear  the  admiasion  of  steam  of  lower  pressure  on  the  piston  at  the  commencement  of 
the  stroke,  and  thus  the  necessary  mean  pressure  must  be  obtained  with  the  valve 
open  through  a  larger  portion  of  the  cylinder. 
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more  dangerous  than  working  beneath  dry  land.  The  principal  inconvenience 
felt  is  the  want  of  power  to  sink  shafts  except  on  the  dry  land,  and  therefore 
the  workings  in  the  direction  of  the  sea  are  limited,  from  the  difficulty  of 
sending  good  air  into  them.  When  under  the  beach,  and  the  levels  not 
deep,  iLe  roar  of  the  breakers,  mingled  with  pebbles,  is  described  as  pro- 
ducing a  fine  effect  beneath.  One  of  the  most  curious  submarine  mines  in 
the  district  was  that  named  the  Wherry,  established  upon  a  part  of  an  elvan- 
course  running  in  front  of  Penzance,  parts  of  which  are  dry  at  low-water. 
Small  stanniferous  veins  having  been  observed  to  traverse  this  elvan, 
attempts,  according  to  Mr.  Hawkins  (Trans.  Geol.  Soc.  Cornwall,  vol.  i.  p.  136). 
were  made  to  work  them  towards  the  beginning  of  the  last  century.  A 
poor  miner,  by  great  industry  and  perseverance,  established  a  shaft  upon  it 
about  the  year  1778.  Notwithstanding  the  spot  was  under  water  during 
the  greater  part  of  the  tide,  and  the  coast  exposed  to  heavy  breakers,  he 
succeeded  in  forming  a  water-tight  case,  as  an  upper  part  of  the  shaft, 
against  which  the  sea  broke,  while  a  communication  with  the  shore  was 
established  by  means  of  a  wooden  frame-work  bridge,  above  the  reach  of 
the  sea,  for  about  120  fathoms.  In  1791  the  depth  of  the  pump,  shaft,  and 
workings  was  four  fathoms  two  feet ;  and  ten  men,  in  six  months,  working 
about  one-tenth  of  the  time,  broke  ore  worth  about  600/.  {lb,  p.  140.)  Alto- 
gether tin-ore,  to  the  amount  of  70,000lbs.,  was  raised  from  this  adventure, 
which  was  closed  by  an  American  vessel  driving  from  her  anchorage  in  the 
roadstead  near  the  mine,  and  destroying  the  case  for  the  upper  shaft,  thus 
letting  in  the  sea.  In  1837  this  mine  was  again  put  to  work,  but  with  what 
success  we  have  not  heard. 

PageAl^, — Borlase  says  that,  when  he  wrote  (1758),  red  deer  were  seldom 
seen  in  Cornwall,  but  that  some  occasionally  appeared  on  the  hilly  downs 
near  Bodmin,  and  that  they  haunted  the  woods  about  the  neighbouring 
moors.  He  mentions  that  they  were  then  found  plentifully  between  Launceston 
and  Stratton,  where  they  have  now  (1838)  become  rare,  though  two  or  three 
are  occasionally  seen.  Leland  mentions  that  they  were  found  in  his  time 
about  Dosmere  Pool,  to  the  northward  of  St.  Neot's. 

Page  421.— Borlase,  after  describing  the  sub-marine  forest  in  Mount's 
Bay,  draws  the  following  among  other  conclusions :— "  That  the  body  of 
these  trees  must  have  stood  at  least  twelve  feet  higher  than  at  present  - 
consequently  there  has  been  a  subsidence  on  these  shores,  and  the  ground 
has  sunk  more  than  twelve  feet."  ....'*  That  the  ground  which  sunk 
appears  to  have  been  a  swarthy,  marshy  plain  of  land,  not  much  unlike  the 
lower  lands  of  Gulval  and  Ludgvan,  parishes  adjoining,  covered  thick  with 
trees  of  the  oak,  hazel,  and  willow,  at  least,  if  not  a  greater  variety." — 
Nat.  Hist.  Cornwall,  p.  223. 

Page  427. — A  deer^s  horn  was  found  in  the  consolidated  sand  of  New 
Quay  in  the  year  1752.  Borlase  figures  this  horn  (Nat.  Hist  Cornwall, 
pi.  xxvii.  fig.  5),  and  mentions  that,  having  put  fragments  into  vinegar,  they 
dissolved,  which  a  recent  horn  would  not  do,  and  that  it  had  lost  its  tough- 
ness,  breaking  short.  (76.  p.  281.)    Hence  we  may  conclude  that  this  horn 
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was  undergoing  the  changes  which  hones  imhedded  in  rocks  have  usually 
experienced. 

Page  429.— Respecting  chalk-flints  in  the  present  heach  in  Mount's  Bay, 
Borlase  states  that,  in  the  low  lands  of  the  parish  of  Ludgran,  in  a  place 
called  Vorlas,  there  is  a  hed  of  clay  about  three  feet  under  the  grass,  in 
which  numbers  of  chalk -flints  are  found,  with  pebbles  of  quartz,  and  some 
shingle,  with  pieces  of  angular  slate. — Nat  Hist.,  p.  106. 

Page  478.— The  Cornish  sea-sand,  for  manure,  is  known  to  have  been  in 
use  as  early  as  the  reign  of  Henry  III.  The  liberty  of  taking  sand  fat 
manure  was  granted  by  Richard  King  of  the  Romans,  and  confirmed  by 
Henry  III. — Lysons,  Mag.  Brit.  Cornwall,  p.  cciii.,  who  cites  Rot.  Chart  49 
Henry  lU. 

Page  510.  Note.— It  appears  that  a  large  quantity  of  ochre  was  formerly 
found  and  manufactured  in  the  parish  of  East  Down,  in  North  Devon*  and 
that,  in  the  parish  of  Combe  Martin,  umber  was  formerly  worked. — Van- 
couver's Agricultural  View  of  Devon,  p.  59. 

Page  526. — The  charter  of  King  John  was  recited  and  confirmed  in  a 
charter  of  the  2d  of  April,  in  the  36th  year  of  Henry  III. — Records  of  the 
Court  of  Chancery,  in  the  Record  Office  in  the  Tower,  M.  18. 

Page  526. — "  The  tithe  of  the  farm  of  tin  in  the  counties  of  Devon  and 
Cornwall"  was  granted  to  the  church  of  St  Peter,  Exeter,  and  bishops  of 
Exeter,  by  a  charter  of  the  13th  of  June,  in  the  18th  of  John  (1216).— Char- 
ter Roll  of  the  18th  John,  No.  9.  Records  of  the  Court  of  Chancery,  pre- 
served in  the  Tower. 

Page  527. — It  appears  by  the  record,  preserved  in  the  Tower,  of  the  Par- 
liament roll  of  the  8th  of  Edward  II.  (1315),  M.  15,  No.  115,  that  the 
tinners  of  Devon  were  then  without  a  warden,  as  they  petitioned  the  King 
that  he  would  appoint  one,  for  want  of  the  control  of  whom  the  petitioners 
state  that  the  tinners  **do  maliciously  subvert,  dig,  destroy,  and  waste 
the  arable  lands,  meadows,  groves,  houses,  and  gardens,  of  the  same  men 
(the  petitioners)  in  the  said  county ;  sometimes  even  to  the  number  of  300 
acres  and  upwards  annually ;  so  that  these  destructions  and  damages  are 
wholly,  as  it  were,  borne  by  the  poor,  and  little  profit  accrues  therefrom  to 
the  King.'*  The  petitioners  further  assured  the  King,  if  he  would  uke 
that  stannary  into  his  own  hands,  and  appoint  a  warden,  who  should  dwell 
among  them,  that  *'  it  will  be  to  his  great  advantage,  and  that  of  the  issues  of 
the  stannary,  there  shall  be  annually  answered  as  great  a  sum  of  money  as 
any  one  of  his  progenitors,  formerly  kings  of  England,  had  been  accus- 
tomed to  receive  and  have  in  the  year,  in  any  times  past  and  40/.  more.'* 

Page  527. — It  would  appear  from  memoranda  of  the  Parliament  of  King 
Edward  I.,  held  at  Westminster  on  the  Sunday  next  after  the  feast  of  St. 
Matthias  the  Apostle,  in  the  33rd  of  his  reign,  that  the  tinners  of  Cornwall 
petitioned  to  have  a  charter  of  liberties  to  themselves,  not  joined  with  the 
tinners  of  Devon,  according  to  the  form  of  the  confirmation  of  King  Henry ; 
and  it  was  answered,  "  Let^them  go  to  the  Exchequer  and  exhibit  their 
charter,  &c.,  and  make  their  fine,  8cc. ;  and  let  them  have  what  they  seek, 
8cc.*'— Book  containing  the  proceedings  of  the  Parliaments  of  King  Edward, 
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preserved  in  the  Record  Office,  Tower  (fol.  102).  Disputes,  it  appears  by 
a  patent  roll  of  the  same  king  (Pat.  Rol.  35  Edward  I.,  M.  43),  had  about 
two  years  afterwards  arisen  between  the  tinners  of  Devon  and  Cornwall ; 
and  Thomas  de  la  Hyde  and  Thomas  de  Swaneseye  were  appointed  justices, 
to  inquire  into  this  matter,  and  the  reason  of  a  large  sum  of  money 'collected 
to  pay.the  King  being  detained  by  those  who  took  possession  of  it  **  by  reason 
of  their  seignories  ;*'  as  also  to  inquire  into  the  false  weights  stated  to 
have  been  employed  in  weighing  tin,  to  the  King's  prejudice. 

Page  545. — ^Though  streaming  for  tin  has  formerly  been  carried  on  ex- 
tensively upon  Dartmoor  and  in  the  valleys  rising  from  it,  stream-works  are 
not  now  found  in  Devon.  The  last  stream-work  of  which  we  can  obtain  in- 
formation seems  to  have  been  that  noticed  by  Vancouver  as  carried  on  near 
Plympton  St  Mary's  about  the  year  1808.  View  of  the  Agriculture  of 
Devon,  p.  67. 

Page  611. — By  the  appointment  of  John  Botright  to  be  governor  of  all 
mines  in  Devon  and  Cornwall  from  which  gold  or  silver  could  be  obtained  or 
refined,  bearing  date  the  20th  June  in  the  31st  of  Henry  VI.  (1453),  as 
shown  by  the  Patent  Roll  of  that  time,  p.  2,  n.  6,  preserved  in  the  Record 
Office,  Tower,  it  is  stated  that  he  should  pay  to  the  King  "  the  tenth  part 
of  the  pure  gold  and  pure  silver,  and  also  the  tenth  part  of  the  copper,  tin, 
and  lead,  from  which  any  gold  or  silver  shall  happen  to  come.'*  Six  pits  or 
shafts  at  Beer  Ferrers  were  reserved  for  the  King's  use,  and  described  as 
worked  by  him  at  his  own  costs  and  charges,  for  the  superintendence  of 
which  Botright  was  allowed  40/.  per  annum.  Botright  and  his  deputies 
were  empowered  to  dig  where  they  pleased  in  search  of  the  ores  so  contain- 
ing gold  and  silver,  to  take  wood  necessary  for  their  assays  and  smelting, 
making  a  reasonable  payment  to  the  owners,  and  "  to  take  so  many  work- 
men and  labourers  as  shall  be  necessary  for  working  the  mines  aforesaid, 
within  liberties  or  without  (church  property  alone  excepted),  whenever  from 
time  to  time  it  shall  be  required,  and  to  put  them  in  those  works,  there  to 
stay,  upon  the  reasonable  payment  of  the  same  John,  his  deputies  or  ser- 
vants and  farmers  aforesaid.'*  To  Botright,  his  deputies,  and  the  miners, 
were  granted  the  same  privileges  and  franchises  as  the  miners  of  Byer  **  by 
the  reason  of  the  like  mines"  have  been  accustomed  to  enjoy. 

Page  612, — In  an  ordinance  of  the  26th  of  Edward  I.,  concerning  the  King's 
mines  in  Devon  (1298),  preserved  among  the  communia  of  the  term  of  St. 
Hilary  in  that  year,  in  the  Remembrancer's  Office  in  the  Exchequer 
(Roll  51),  we  find  the  following  curious  directions  respecting  smelting  the 
ores,  argentiferous  galena,  more  especially  intended,  it  would  appear,  for  the 
mines  at  Beer  Alston. 

"  That  the  carriage  be  made  as  soon  as  the  produce  (ore)  is  measured,  as 
far  as  the  boles  or  elsewhere,  and  that  the  *  *  and  other  smelters  be  there 
in  their  own  persons,  and  forthwith  receive  it  by  tale  as  thereunto  belongs. 
And  that  all  the  produce  of  the  mine  be  smelted  under  good  survey,  and,  so 
soon  as  the  ore  shall  be  smelted  and  marked,  it  be  weighed  and  delivered 
to  the  wardens  into  their  common  guardship  by  the  smelters,  and  by 
tally  made  between  the  wardens  and  the  smelters,  as  to  the  work  be- 
longs, as  heretofore  it  has  been  there  used,  or  commanded  and  ordained  to 
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be  there  used.  And  when  this  metal  is  delivered  to  the  refiners  for 
fining  by  the  quantity  and  number  of  pieces  to  be  weighed,  and  becomes 
changed  in  the  manner  which  follows,  that  is  to  say,  as  soon  as  the  metal 
shall  be  fallen  and  sunk  in  the  moulds  on  the  coals,  before  the  cinders  have 
imbibed  any  of  the  metal»  that  the  metal  be  caused  to  be  stirred  and  mixed  in 
order  that  it  be  equally  good  throughout,  and  that  thereupon  there  be  taken 
a  quantity  of  the  metal  weighing  to  the  amount  of  six  shillings  or  there- 
abouts, and  that  such  quantity  be  pierced  into  two  halves,  and  the  one  half 
be  delivered  to  the  finer  under  the  seals  of  the  wardens,  labelled  with  the 
date  and  the  name  of  the  refiner,  and  with  the  other  half  be  made  an  assay 
by  the  King's  assayer  in  presence  of  the  wardens  and  in  presence  of 
the  refiner,  or  in  presence  of  one  of  the  wardens  if  both  at  any  time  be 
unable  to  attend  on  account  of  other  business.  And  that  by  this  assay  the 
refiner  be  charged  to  answer  for  all  such  refinery  as  nearly  as  he  reasonably 
can,  having  regard  to  decrease  and  abatement  in  the  grand  refinery  more 
than  takes  place  in  the  small  way.  And  when  the  silver  shall  be  properly  and 
purely  refined  it  be  delivered  by  the  refiners  to  the  wardens  by  tally  of 
weight,  so  that  suspicion  or  fraud  cannot  lie  with  one  side  or  the  other.'*  * 
*  *  *  "And  that  there  be  five  good  refiners  who  know  how  to  chase  as 
well  as  refine,  for  this  is  meet,  especially  for  the  responsibility  and  the 
charge  aforesaid ;  and  that  they  be  at  the  King's  wages  by  the  week,  or  for 
certain  by  the  year,  or  according  to  the  portion  of  a  year  that  they  may  con- 
tinue or  be  required." 

From  this  document  it  wnuld  appear  that  the  Beer  Alston  mines  were 
then  worked  at  the  King's  own  cost,  and  that  the  argentiferous  character  of 
the  lead-ore  there  found  was  well  understood  in  the  year  1 298.  The  ordinance 
directs  that  the  miners  and  others  employed  in  the  King's  mines  in  Devon 
should  be  paid  on  the  Saturday,  and  "  that  no  miner  shall  dwell  in  market- 
towns  on  pretence  of  purchasing  meat,  nor  in  another  manner,  without  leave, 
beyond  the  next  day  at  noon.**  Reference  is  made  to  the  Combe  Martin 
mines  and  others  in  Ck)rnwall,  as  if  they  were  then  at  work.  A  tin-mine 
named  Dindods  appears  also  to  have  been  in  the  King's  hands,  and  100 
tinners  are  directed  to  be  there. 


LoKdon:  Printed  by  W.  Clowes  and  Sons,  Stamford  Strret, 
For  Her  Mnjestys  Stationfry  Office, 
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